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The studies of Addis), Luck) in 1936, showing that the liver protein 
functions as a store of body proteins, have drawn workers’ attention to the 
liver protein. And, since protein metabolism became a subject of study 
in the field of surgery, the liver protein as well as the blood protein has 
been investigated clinically by Fishman*’, Localio*), and other workers. 

In our country, study has little been made of the liver protein with 
a large number of clinical cases, though this problem has frequently been 
investigated experimentally. 

We have been making. studies on the “ labile ’’ liver protein obtained 
from small pieces of liver tissue removed at the time of surgical operation 
for stomach or biliary tract disease. The results were partly presented at 
the 50th general meeting of the Japan Surgical Society, and will be reported 
in fuller detail in the present paper, where newly examined cases will also 
be described. Thus, the present paper deals with a total of 85 cases, in- 
cluding 55 cases of gastric cancer, 25 cases of gastric or duodenal ulcer, 
and 5 cases of liver or biliary tract disease. The results will be given under 
four heads: (1) labile liver protein content in clinical cases, (2) in- 
fluences of opertions on the liver protein, (3) comparison of the liver 
protein contents between the right and left lobes, and (4) liver protein 
of patients and laboratory animals with liver disturbance. 


EXPERIMENTAL 
Methods 


A small specimen of tissue was removed from the margin of the liver 
just after laparotomy, finely ground, and extracted in physiological saline. 
The protein content was determined according to the method of Fishman.* 
The value thus obtained is therefore the one for the labile liver protein, 
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which will hereafter be referred to simply as the “ liver protein.” 


Results 


I. Labile liver protein content in clinical cases 
The protein values given in this section were determined on specimens 
removed from the left lobe of the liver. 
(1) Gastric or duodenal ulcer. In the 25 cases of gastric or duodenal 
ulcer, the liver protein content varied from 8.5 to 15.8 g./dl., as shown in 
Fig. 1, where the cases are classified into two groups: (I) 11 cases of 
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Fig. 1. Distribution of individual values for the liver protein among two 
groups of gastric or duodenal ulcer cases. (I): Cases of hemorrhagic ulcer 
or with complication of marked pyloric stenosis. (II): Other cases. 


hemorrhagic ulcer or with complications of marked pyloric stenosis ; and 
(II) 14 other cases. If, for convenience’s sake, a line is drawn at the level 
of 13.0 g./dl., then the rate of occurrence of lower values than 13.0 g./dl., is 
90.9 per cent in group I, and 35.7 per cent in group IT; thus, it will be 
seen that a large majority of the cases in group I (with marked complica- 
ions) show relatively low values. The case showing the lowest value of 
8.5 g./dl. was the one concurrent with pulmonary tuberculosis and poor in 
general condition. Values higher than 13.0 g./dl. appeared in 10 cases 
(40 per cent) of the 25 in total. 

(2) Gastric cancer. In the 55 cases of gastric cancer, the liver protein 
varied from 8.0 to 15.4 g./dl. The distribution of the individual protein 
values is shown in Fig. 2, where the cases are classified into three groups : 
group I, including 25 cases which were found so advanced that mere ex- 
ploratory laparotomy or total gastrectomy was performed, group II, in- 
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Fig. 2. Distribution of individual values for the liver protein among 
three groups of gastric cancer cases. (I) : Cases of mere exploratory laparo- 
tomy or total gastrectomy. (II): Cases of marked pyloric stenosis. (III) : 
Other cases. 


cluding 10 cases of marked pyloric stenosis, and group III, including the 
remaining 20 cases. Lower values than 13.0 g./dl. appeared in 76.0, 100, 
| and 80.0 per cent of the groups I, II, and III respectively (78.2 per cent 

of the total 55 cases). It is to be noted that many cases of pyloric stenosis 
showed lower values. The 3 cases showing lower values than 9.0 g./dl. 
were seen among those cases in which the diseases were found so advanced 
that no other operation than mere exploratory laparotomy was performed. 
The value was higher than 13.0 g./dl. in 12 of the 55 cases of gastric cancer 
(21.8 per cent), being lower than in the ulcer cases generally. 


II. Influence of operations on the liver protein 


The amount of the liver protein of the left lobe was determined in 
37 cases of gastric operation just after laparotomy (hereafter referred to 
as “before operation” or “ preoperatively’) and after completion of 
gastric operation (hereafter referred to as “after operation or “ post- 
operatively’). The results were different according to cases: In some 
cases, there were found little change in protein value after operation, while 
in others remarkable decrease was observed. This might presumably be 
due to the difference in extent of influences of operation, the amount of 
bleeding, and the amount of blood or other fluid transfused during opera- 
tion. In examining the results, therefore, these points have been taken 
into consideration as follows : 

(1) Cases of transfusion of other fluid than blood. Yn 17 cases, the amount 
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of bleeding during operation was about 100 g. and an intravenous injec- 
tion of less than | liter physiological saline and/or 5 per cent glucose solu- 
tion (not transfusion of blood) was performed. If the time required for 
operation is taken as a criterion of the extent of operative influence and the 
cases are classified, we obtain Table I. In 5 cases where gastric cancer 


TABLE [ 


Changes in Liver Protein Content due to Gastric Operation 
in Cases of Transfusion of Other Fluid than Blood 


Time required | Preoperative Postoperative 


for Case Operation value increase or 
operation (g/dl) decrease (g/dl) 

Gastric cancer | Exploratory laparotomy | 13.0 (+) 0.1 

_ Gastric cancer | Gastroenterostomy | 10.4 | (—) 0.2 

| | 94 | (-)12 

| 10.1 (+) 0.6 

Gastric ulcer Subtotal gastrectomy 

| | 147 (—) 1.0 

Ca. 1 hr 

Fi | Gastric cancer | 10.4 (—) 1.0 

Gastric ulcer | Subtotal gastrectomy 15.4 (-) 1.7 

Gastric cancer | Subtotal gastrectomy | 

| | 13.4 (—) 2.0 

Ca. 2 hrs. Gastric cancer | Total gastrectomy a 3 a 

| 12.4 (—) 2.3 


was found so advanced that no other operations than mere exploratory 
laparotomy or gastroenterostomy were performed, and the time required 
for the operation was within 30 minutes, changes in the liver protein after 
operation were within 0.2 g./dl. with the exception of 1 case showing a 
postoperative decrease of 1.2 g./dl. Thus, such extents of operation as. 
these seem to give little effect on the liver protein. 

In 5 out of 8 cases requiring about | hour for ordinary subtotal gastrec-- 
tomy for gastric cancer or ulcer, the change did not exceed 1.0 g./dl. ; 
not in the remaining 3, there was noticd a decrease of 1.7 to 2.1 g./dl. 
In 4 cases requiring about 2 hours for total gastrectomy for gastric cancer,, 
a definite decrease of 2.0 to 2.3 g./dl. was observed. 

Summarily, it may be said that the decrease in liver protein became 
more definite as the operative influence was greater. 

(2) Cases of blood transfusion. a) Out of 10 cases where less than 
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300 g. blood was transfused to a bleeding of about 100 g., 8 cases requiring 
about | hour for ordinary subtotal gastrectomy showed changes of less than 


II 
Changes in Liver Protein Content due to Gastric Operation in 
Cases of less than 300 g. Blood Transfusion during 
Operation 
| | Amount of Preoperative Postoperative 
Cases | Operation | transfusion value _ increase or 
| | (g) (g/dl) decrease (g/dl) 
| 20 112 (—) 0.4 
Gastric cancer Subtotal gastrectomy , 300 | 108 (~) 0.4 
| 
Gastric ulcer | Subtotal gastrectomy 
| 300 10.4 (—) Ll 
Gast: Subtotal gastrect 
astric cancer | ubtotal gastrectomy 200 | 11.2 (—) 1.3 
| | = 
Gastric cancer | Total gastrectomy 
| 
| | | 
’ 100 11.5 (+) 0.7 
Gastric ul | Subtotal 
astric uicer | ubtota: gastrectomy | 200 10.7 (+) 0.1 


1.0 g./dl. in 5 cases and decreases of 1.1 to 1.6 g./dl. in 3 cases; the re- 
maining 2 cases, requiring about 2 hours for total gastrectomy, represented 
remarkable decreases of 1.6 and 2.1 g./dl., respectively (Table II). 

b) Out of 10 cases where more than 500g. blood was transfused 
(here and hereafter, transfusion during operation is referred to simply as 
“‘ transfusion”) to a bleeding of about 100 g., 3 cases requiring about 1 
hour for ordinary subtotal gastrectomy showed increases of 1.1 to 2.4 g./dl. ; 
the remaining 7 cases represented increase or decrease of less than 1.0 
g./dl. (Table III). In no case was a decrease more than 1.0 g./dl. ob- 
served. 

Comparing these results with those of the above-mentioned cases of 
transfusion of less than 300 g. blood, it may be said that transfusion of 
a relatively large amount of blood to a bleeding of about 100 g. during 
operation could serve to check the decrease of the liver protein. 


III. Comparison of the liver protein contents 
between the right and left lobes 


Dick”, who put forward an idea of the “ stream line” of the portal 
system, and others demonstrated by experiments on animals that there 
are two different blood streams in the portal vein, and some functional 
difference exists between the right and left lobes of the liver. In relation 
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to this, we tried to see if any difference in liver protein content between 
both lobes. The comparison was made on specimens taken from each 
lobe immediately after laparotomy for gastric cancer or ulcer, with the 
results that the difference was less than 0.5 g./dl (Table IV). 


TABLE III 


Changes in Liver Protein Content due to Gastric Operation in 
Cases of more than 500g. during Operation 


Amount of | Preoperative Postoperative 
Case Operation transfusion | value increase or 

(g) (g/dl) decrease (g/dl) 
Gastric cancer Subtotal gastrectomy | 
Gastric ulcer | Subtotal gastrectomy | 1000 10.2 (+) 1.1 

| 
Gastric cancer Subtotal gastrectomy | 
Gastric ulcer Subtotal gastrectomy 500 11.1 (—) 0.9 
| 9.5 (—) 0.6 
Gastric cancer Subtotal gastrectomy | (3 
500 | | 
TaBLeE IV 


Comparison of the Preoperative Liver Protein 
Contents of the Both Lobes 


Case Left lobe (g/dl) Right lobe (g/dl) 
| 15.5 15.4 
Gastric ulcer 12.5 12.3 
10.9 10.8 
13.7 13.5 
13.1 12.7 
13.0 13.0 
Gastric cancer 12.3 12.7 
10.1 10.6 
9.9 9.6 
9.6 9.3 


In 2 of these cases (requiring about | hour for gastrectomy) and in 
1 case of cholecystectomy for gallstones (requiring 40 minutes), the liver 
protein was determined on both lobes before and after operation, with 
the results as shown in Table V. It is to be noted that the 2 gastrectomy 
cases represented definite differences in extent of decrease between both 
lobes, while the case of cholecystectomy showed no significant difference. 
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TABLE V 


Comparison of Changes in Liver Protein Content due 
to Operation between Both Lobes 


| Left lobe | Right lobe 


| Preopera- Postopera- | Preopera- | Postoperative 


Case Operation tive | tive increase tive increase or 
value or decrease value decrease 
| (idl) (idl) (g/dl) (g/dl) 
| 
Gastric cancer | Subtotal gastrectomy | | 
Cholelithiasis Cholecystectomy | 94 | (+)04 | 9.3 (—) 0.1 


In these 3 cases, transfusion of other fluid than blood was performed. 


The next series of examinations was to compare the postoperative 
liver protein contents of both lobes. The results with 6 cases of gastrectomy 


TABLE VI 


Comparison of Postoperative Liver Protein Contents of Both 
Lobes in Cases without Blood Transfusion during 


Operation 
Liver protein content 
Case Opention Left lobe Right lobe Difference* 

; (g/dl) (g/dl) (g/dl) 

12.1 10.1 (—) 2.0 

Gastrtic cancer Subtotal gastrectomy ae 
11.8 11.3 (—) 0.5 

Gastric ulcer Subtotal gastrectomy (+) 4 

*(—): Denoting that the right lobe value is lower. (+): Denoting 


that the right lobe value is higher. 


without blood transfusion are shown in Table VI. It will be seen that 
in 3 of the cases the right lobe protein was 1.1 to 2.0 g./d! less than left ; 
this might presumably be due to postoperative decrease greater in the 
right lobe than in the left. . 

On the other hand, in 4 out of 6 cases of gastrectomy (requiring 
about | hour) with transfusion of more than 500 g. blood to about 100 g. 
bleeding, the Jiver protein after operation was a little higher in the right 
lobe than in the left (Table VII). This might possibly be due to trans- 
fusion of a Jarger amount of blood than before (Table VI), which could 
serve to check the decrease of the right lobe protein. 
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IV. Liver protein of patients and laboratory 
animals with liver disturbance 
As shown in Table VIII, the liver protein was generally low in 3 cases 


TABLE VII 


Comparison of Postoperative Liver Protein Content of 
Both Lobes in Cases with more than 500g. Blood 


Transfusion 
Liver protein content 
Case | Operation Left lobe | Right lobe | Difference* 

| (g/dl) (g/dl) (g/dl) 

Gastric ulcer Subtotal gumectomy 12.1 | 13.0 (+) 0.9 > 
Gastric cancer Subtotal gastrectomy 13.5 | 14.1 (+) 0.6 
125 | 130 | (+)05 
Gastric ulcer | Subtotal gastrectomy | | (+) 
| 135 (~)09 


* Refer to the explanations in Table VI. 


TaBLeE VIII 


Liver Protein Contents in Patients with Liver Disturbances 


Liver function test 
tine Liver protein 
| (g/ dl) 
Icterus index | Takada’s serum | Bromsulphalein* | 

15 (—) 15% 10.3 

Cholelithiasis 20 (—) 20» 9.9 
25 (+) 25» 9.8 


* Values after 30 minutes are given. 


of choledocholithiasis with concurrent icterus and in 2 cases of liver cir- 
rhosis, being definitely lower in the latter. Further, it will be seen from 
the table that the liver protein became lower as liver disturbance was 
advanced. By referring to these results it was then tried to produce 
liver disturbance experimentally in healthy dogs by means of chloroform 
and follow the change in liver protein. 

Each of 5 healthy dogs were subcutaneously injected with 0.2 cc. 
chloroform per kg. of body weight, and three kinds of liver function test 
(icterus index, Takada’s serum and bromsulphalein tests) and the liver 
protein determination as before were performed 5, 10, and 20 days after the 
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injection. The results on changes in liver protein are shown in Fig. 3, 
which includes also a control curve obtained with liver tissue specimens 
removed by laparotomy of a healthy control dog. It will be noted that 
the experimental liver disturbance caused the protein content (preoperative 
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Fig. 3. Variations of the liver protein contents in dogs with experimental! 
liver disturbance. 


value: 12-13 g./dl) to decrease, the value attaining to a minimum (7- 
10 g./dl) after 5 or 10 days; then showing a tendency to recover, but being 
still much lower than the preoperative level. 

Liver function also were found to be depressed after the injection, 
but, different from the liver protein, they nearly recovered to their initial 
levels in 10 days or so. 


Discussion 


Ariel, Abel, and others’-*) have given values varying from 12.9 to 
17.95 g./d] (16.78 g./dl on an average) to the normal level of the liver 
protein; and in our country, Sakamoto®) and Yuasa’) have published 
values of 12 to 14 g./dl and higher than 13 g./dl, respectively, as the level 
of the nearly normal liver in cases of chronic gastritis, etc. We also have 
obtained some cases of gastric cancer and ulcer showing the level of more 
than 13 g./dl, in that the values obtained by us were 13.0 to 15.8 g./dl in 
40 per cent of 25 cases of gastric ulcer and 13.0 to 15.4 g./dl in 21.8 per cent 
of 55 cases of gastric cancer. The remaining cases represented lower values 
than 13 g./dl and it was found that they consisted mainly of cases of ulcer 
with complications and cases of advanced cancer. 

Addis!) has reported that fasting may cause a remarkable decrease 
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in protein content of the rat liver. In the present study we have found 
that even an operation requiring relatively short time may cause a de- 
crease in liver protein: Ordinary subtotal gastrectomy often brought about 
a decrease of 1.7 to 2.1 g./dl, and total gastrectomy requiring comparative- 
ly long time a decrease of 2.0 to 2.3 g./dl, though such operations (with 
blood transfusion) as mere exploratory laparotomy or gastroenterostomy 
(requiring half an hour or so) gave little influence on the liver protein 
in most cases. 

Ariel and others’) confirmed an increase of the liver protein due to 
transfusion of blood. We could not check a decrease of the liver protein 
in gastrectomy cases of about 100 g. operative bleeding, if the amount of 
blood transfused was less than 300g. If more than 500g. blood was 
transfused, however, the liver protein often showed an increase from 1.1 
to 2.4 g./dl, a decrease of more than 1.0 g./dl being never observed. These 
results that a transfusion of a large amount of blood served to prevent 
the decrease of the liver protein are in substantial agreement with those 
of Yuasa, Nagao, Sakamoto, and others®)!)!*), 

As to the “ stream line ”’ of the portal system, as demonstrated by Dick 
and others®), no clinical reports were available. This made us try to 
investigate this problem clinically from the point of the liver protein. 
Thus, it was found that (1) in cases of gastric cancer and ulcer, there was 
no large difference in liver protein between the right and left lobes; (2) 
in 2 gastrectomy cases without blood transfusion during operation, the liver 
protein of the right lobe showed decrease of 2.2 and 1.6 g./dl postoperative- 
ly, the decrease of the left lobe being much smaller; (3) of 6 gastrectomy 
cases without blood transfusion, 4 represented that the right lobe values 
were 1.1 to 2.0 g./dl lower than the left postoperatively; and (4) in 4 
of 6 gastrectomy cases with transfusion of more than 500 g. blood, the post- 
operative value of the right lobe was higher, though slightly, than that of 
the left. From these it may well be inferred that the change in the liver 
protein due to an operation or blood transfusion is more definite in the 
the right lobe than in the !eft. 

That liver disturbance brings about a decrease in the liver protein 
has been demonstrated by Elman, Ariel, Yuasa, and others?!) Ex- 
aminations of our 3 cases of chloledocholithiasis and 2 cases of liver cirrhosis 
as well as experiments of producing liver disturbance in dogs by chloroform 
revealed manifest decrease in the liver protein. 


SUMMARY 


Using specimens of liver tissue obtained at the time of operation, 
the amount of labile liver protein was determined by Fishman’s method. 
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The results obtained may be summarized as follows: 

1. The liver protein of the left lobe was more than 13.0 g./dl in 
some cases of gastric ulcer and cancer, but 8.0 to 13.0 g./dl in 60 per cent 
of the ulcer cases and in 78.8 per cent of the cancer cases. These low values. 
were seen mainly in ulcer cases with complications and in far advanced 
cases, and the value seemed to become lower as the disease was advanced 
further. 

2. The liver protein showed a tendency to decrease as the influence 
of the operation was greater. A transfusion of more than 500 g. blood 
during operation seemed to prevent the decrease of the liver protein. 

3. Several findings as to the liver protein are suggestive of the existence 
of some functional difference between the right and left lobes, in that the 
change of the value due to operation or blood transfusion was more mani- 
fest in the right lobe. 

4. Liver disturbance caused a decrease in liver protein. 
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In previous papers!-*) several devices were described for obtaining 
electrophoretic patterns of liver components that were extracted in physi- 
ological saline and subjected to several treatments, and an alcohol treat- 
ment-0.5 per cent sodium hydroxide method was recommended as a 
clinically convenient one. The present paper is to report on electrophoretic 
studies of the liver components by this method with a total of 102 cases: 
of surgical diseases of the upper abdomen, including 54 cases of gastric 
cancer, 34 cases of gastric or duodenal ulcer, and 14 cases of liver or biliary 
tract disease. The results will be described under four heads: (1) electro- 
phoretic values for liver components in clinical cases, (2) influence of op- 
erations on liver component values, (3) comparison of the liver component 
values between the right and left lobes, and (4) liver component values. 
of patients with liver disturbance. 


EXPERIMENTAL 
Methods 


A small specimen of liver tissue, weighing 3 to 4 g., was removed from 
the margin of the liver just after laparotomy, extracted in physiological 
saline, treated with alcohol, and submitted to electrophoresis by the 0.5: 
per cent sodium hydroxide method. There were seen four peaks (P;, P., 
C,, and C,) in an electrophoretic pattern, as already reported in a pre- 
vious paper”). Though the separation of these peaks was not always clear- 
cut, peak P including P, and P, was readily distinguishable from peak C in- 
cluding C, and C,. In the present work, the areas of peaks P and C were 
measured by the weighing method, and the value of fraction P (hereafter 
referred to as the ‘‘ P value ’’) and that of fraction C (hereafter referred to 
as the ‘‘ C value”) are given in percentages to the total area. As the P 
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and C values are antipodal to each other (for example, when the P value 
is 80 per cent, the C value is 20 per cent), only the P value will mostly be 
referred to in this paper. As described elsewhere?), peak P represents the 
protein group of the liver components and peak C the carbohydrate group. 


Results 


I. Electrophoretic values for liver components 
in clinical cases 
The values given in this section were determined on specimens re- 
moved from the left lobe of the liver. 
(1) Gastric or duodenal ulcer. In the 34 cases of gastric or duodenal 
ulcer, the P value varied from 61.8 to 88.5 per cent, and the C value from 
21.5 to 38.2 per cent. The summarized results are shown in Table I, where 


Liver Protein Values (P Values) in Cases of 
Gastric Diseases 


‘ I 78.8 61.8 719 
Il 88.5 72.5 76.7 
— III 86.3 67.6 78.1 
cases) 93.7 65.3 779 


the cases are classified into 3 groups: (I) 6 cases of hemorrhagic ulcer, 
(II) 12 cases of pyloric stenosis, and (III) other 16 cases. It will be seen 
that the P value was lowest in group I (hemorrhagic ulcer cases). The 
distribution of individual P values among the 3 groups is represented in 
Fig. 1. P values lower than 80 per cent were seen in 100, 58.3, and 68.8 
per cent of the cases of groups I, II, and III, respectively (70.6 per cent 
of the total 34 cases). P values lower than 70 per cent appeared in only 
3 cases (8.8 per cent) of the 34 cases. 

(2) Gastric cancer. In the 54 cases of gastric cancer, the P value 
varied from 54.1 to 93.7 per cent, and the C value from 6.3 to 45.9 per 
cent. The summarized results are given in the lower half of Table I, where 
the cases are classified into 3 groups: (I) 16 cases which were found so 
advanced that no other operation than mere exploratory laparotomy or 
total gastrectomy was performed, (II) 10 cases with marked pyloric stenosis, 
and (III) other 28 cases. The distribution of individual P values among 
the 3 groups is shown in Fig. 2. P values lower than 80 per cent appeared 
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Fig. 1. Distribution of individual values (P values) for liver protein in 
cases of gastric or duodenal ulcer. I : Cases of hemorrhagic ulcer, II : cases of 
pyloric stenosis, III: other cases. 

Fig. 2. Distribution of individual values (P values) for liver protein in 
cases of gastric cancer. I: Cases of mere exploratory laparotomy or total 
gastrectomy, II: Cases of marked pyloric stenosis, III : Other cases. 


in 81.3, 90.0, and 50.0 per cent of the cases of groups I, II, and III, re- 

spectively (65.7 per cent of the total 54 cases). From Figure 2 and Table 
I (average values) it will be seen that lower P values appeared relatively 
more frequently in groups I and II (far advanced cases or cases with marked 
pyloric stenosis) than in group III. P values lower than 70 per cent were 
obtained in 14 cases (25.9 per cent) of the 54; it is to be noted that the 
rate of occurrence of such low P values was much higher than in the be- 
forementioned ulcer cases. 


II. Influence of operations on liver 
component values 


With a view to examining influences of operations on liver component 
values, P values were determined on specimens taken from the left lobe 
just after laparotomy (hereafter referred to as “‘ before operation” or 
** preoperatively ’?) and after completion of the gastric operation (here- 
after referred to as “ after operation’ or “ postoperatively ’’) with a total 
of 20 cases, including 19 cases of gastric operation and | case of gall blad- 
der operation. Postoperative change in P value might presumably depend 
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on the extent of influence of operation, the amount of bleeding, and the 
amount of blood transfused during operation, etc. In examining the results, 
therefore, these points have been taken into account. The amount of 
bleeding during operation was about 100g. (80 to 130g.) in all cases 
except | case (total gastrectomy) with 200 g. bleeding. 

(1) Case receiving transfusion of less than 300 g. blood. In 8 cases 
(including 5 cases of gastrectomy, 2 cases of gastroenterostomy, and 1 
case of cholecystectomy), transfusion of less than 300 g. blood was made 
during operation (transfusion during operation will hereafter be referred 
simply as “‘ transfusion’) to a bleeding of about 100 g.; in the remaining 
3 cases (gastrectomy), transfusion of some other fluid than blood was 
performed. Postoperative changes in P value are shown in Table II, 


TABLE II 


Influence of Operation on the Liver Protein Value 
(P Value) in Cases with less than 300 g. 
Blood Transfusion 


Amount of | Preoperative Postoperative 

Operation bleeding value increase or 

g (22) decrease (2) 
78.4 (—) 11.5 
(—) 84.2 (—) 11.3 
| 200 78.0 (—) 9.2 

Subtotal gastrectomy i 200 | 89.2 (—) 81 

| a | 76.3 (-) 7.9 
| 200 | 65.0 (—) 6.2 
Cholecystectomy | 300 | 80.0 (—) 4.3 
Subtotal gastrectomy 300 71.5 (—) 3.6 
” ” 300 | 79.2 (-) 3.4 
Gastroenterostomy 200 | 65.7 (+) 7.6 
7 | 200 | 60.5 (+) 8.0 


where it will be seen that (a) in 8 cases of gastrectomy (ordinary subtotal 
gastrectomy requiring about | hour) and | case of cholecystectomy (re- 
quiring 40 minutes), the P value showed a decrease between 3.4 and 11.5 
per cent, (b) in 2 cases without blood transfusion, the P value increased 
instead of decreasing, which might presumably be due to the shortness of 
the time required for operation (20 minutes). 

(2) Case receiving transfusion of more than 500 g. blood. Postoperative 
changes in P value in 8 cases of ordinary subtotal and 1 case of total gas- 
trectomy are shown in Table III. In 4 of the 8 cases requiring about 
1 hour for subtotal gastrectomy the P value decreased slightly, while in 
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TABLE III 


Influence of Operation on the Liver Protein Value 
(P Value) in Cases with more than 500g. 
Blood Transfusion 


Amount of Preoperative Postoperative 
Operation | transfusion value | increase or 
(g) (% decrease 
v7 800 | 67.8 | (+) 12.8 
| 800 | 69.9 | (+) 48 
800 64.0 | (+) 46 
Subtotal gastrectomy 600 73.0 | (+) 43 
600 85.1 (-) 14 
500 67.0 | 20 
700 63.8 (—) 28 
A 500 | 74.0 (—) 5.0 
Total gastrectomy 1000 77.2 (—) 6.1 


the remaining 4 the value increased, the increase amounting to as high 
as 12.8 per cent in a case with 800 g. blood transfusion. In the case re- 
quiring 2 hours for total gastrectomy, the P value decreased by 6.1 per 
cent in spite of a transfusion of 1000 g. blood. 

Summarizing these results, it may be said that when transfusion of 
more than 500 g. blood was made in cases of ordinary subtotal gastrectomy, 
either the decrease in P value was only slight or the value increased. 


III. Comparison of liver component values 
between the right and left lobes 


(1) Comparison of preoperative P values. Postoperative P values of the 
right and left lobes were determined in 8 cases of gastric cancer or ulcer. 
As shown in Table IV, the difference between both lobes was within 
2.5 per cent. Of these, 3 cases of subtotal gastrectomy requiring about 
1 hour (bleeding: about 100g.; transfusion: other than blood) were 
examined for postoperative changes in P value of each lobe, with the re- 
sults that the decrease in the right lobe was more definite than in the left 
(Table V). 

(2) Comparison of postoperative P values. A comparison of postoperative 
P values between both lobes was made with 14 cases (Table VI). Of 4 
cases with transfusion of less than 200 g. blood, including 3 cases of sub- 
total gastrectomy requiring about 1 hour (bleeding: about 100g.) and 
1 case of mere exploratory laparotomy, 2 cases (1 subtotal gastrectomy and 
1 exploratory laparotomy cases) showed no significant difference in P 
value; in the remaining cases of subtotal gastrectomy, the postoperative 
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Comparison of the Preoperative Liver Protein Values 
(P Values) between Both Lobes 


Case Left lobe (2%) Right lobe (%) 

. { 83.6 84.2 
Gastric ulcer 82.7 81.8 
Gastric cancer 81.9 83.2 
80.7 81.2 

Gastric ulcer 78.6 76.1 
78.5 78.6 

Gastric cancer { 74.2 73.1 
73.8 


TABLE V 


Comparison of the Extents of Decrease in Liver Protein 
Values (P Values) due to Operation between 


Both Lobes 
Left lobe Right lobe 
Case Operation Preopera- | Preopera- 
tive value | tive value 
ecrease or decrease 
(%) (% (%) (% 

Gastric ulcer Subtotal gastrectomy | 78.5 (—) 2.8 78.6 (—) 13.0 

| 74.2 (+)1.3 | 73.1 (-—) 59 

Gastric cancer | Subtotal gastrectomy | 7; 5 (~) 29 13.8 (-) 73 

| 


value of the right lobe was 9.3 or 21.9 per cent lower than that of the left 
(Table VI). Judging from the data given in Tables IV and V, this lowness 
of the postoperative P value of the right lobe in cases with less than 200 g. 
blood transfusion might possibly be due to a larger decrease during oper- 
ation as compared with that of the left lobe, though preoperative P values 
were not actually determined. 

On the other hand, in 9 of 10 cases of gastrectomy with transfusion 
of more than 500 g. blood (requiring about | hour; bleeding: about 100 g.) 
the postoperative P value of the right lobe was higher than that in the left 
(Table VI), being as much as 12 or 15 per cent higher in 2 cases, From 
these it may be inferred that transfusion of a large amount of blood could 
check the decrease in P value of the right lobe. 


IV. Liver component values of patients 
with liver disturbance 


Preoperative P values of the left lobe were determined in a total of 
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TABLE VI 


Comparison of the Postoperative Liver Protein Values 
(P Values) between Both Lobes 


Group Operation po | 
200 | 89.0 67.1 | (—)21.9 
Cases with less | Subtotal gastrectomy 100 | 85.0 T3.7 | (—) 93 
than 200 g blood 200 | 76.7 779 | (+) 12 
transfusion | 
Exploratorylaparotomy, 100 | 74.6 76.1 | (+) 15 
500 | 70.1 85.5 (+) 154 
600 | 75.3 87.4 | (+)121 
500 74.9 84.1 (+) 9.2 
700 «63.6 72.5 (+) 8.2 
Cases with more 500 | 699 75.2 (+) 53 
a Subtotal gastrectomy 500 | 80.8 85.8 (+) 5.0 
600 | 75.5 80.1 (+) 4.6 
500 83.0 86.7 (+) 37 
500 88.5 90.5 (+) 2.0 
600 88.7 | 797 Gul 


* (—): Denoting that the value of the right lobe is lower than that of the 


left. 
(+): Denoting that the value of the right lobe is higher than that of 


the left. 


14 cases, including 10 cases of biliary tract disease and 4 cases of liver 
cirrhosis (Table VII). In cases of biliary tract disease with concurrent 
icterus (group I), where Takada’s serum test was positive and other signs 
of liver disturbance were also manifest, the P value was low (61.3 to 71.2 
per cent). Cases of biliary tract disease without icterus (group II), which 
revealed no or slight, if any, signs of liver disturbance, also showed low P 
values (59.6 to 77.6 per cent). In 4 cases of liver cirrhosis, the P value was 
always under 62.4 per cent, being as low as 29.0 and 49.0 in 2 cases. 
The results of liver function tests in these cases, however, were indica- 
tive of only slight disturbance like in group II except for 1 case with 
severe disturbance. 


Discussion 


So far as I know, no electrophoretic study of liver components has 
yet been reported, and helpful references are not available except our recent 
paper® dealing with the “labile” liver protein in surgical diseases of the 
upper abdomen (determined by the method of Fishman‘). 
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TaBLeE VII 


Liver Protein Values (P Values) in Cases of Liver 
and Biliary Tract Diseases 


| Liver function test 


| 
| 
| 


P value 
% Bromsul- | Takada’s _Icterus 
_ phalein* _ serum index 
| Cancer of common bile duct 71.2 4022 (#) 100 
Cholelithiasis 68.2 40% (+) | 160 
Group I 
64.3 | 50% | (+H) 130 
ancer of common bile duct 61.3 70% | (44) 120 
77.6 | 109% (—) 10 
| Cholecystitis 75.0 | 306 (-) 6 
Cholelithiasis | 687 | 109% (—) 8 
bes Cholecystitis 648 | 2% | (-) 3 
| olelithiasis 59.6 52 (-) 6 
624 | 20% | (4H) 7 
62.1 2% | (-) 6 
| Liver cirrhosis 49.0 | 825 | (+4) 8 
29.0 | 5% | (+) 5 


| 
| 


* Values after 30 minutes are given. 


The P value calculated from the electrophoretic pattern of liver tissue 
has proved to be a convenient measure for representing the protein content 
in works such as the present one. 

With 34 cases of gastric or duodenal ulcer and 54 cases of gastric 
cancer, it was found that the preoperative P value was frequently low in 
cases of ulcer and cancer, and especially so in the latter, and that remarkably 
low values appeared espécially in advanced cases or cases with complications: 
of hemorrhage and pyloric stenosis (Table I, Fig. 1 and 2). These results 
substantially agree with those of our study on the labile protein.* 

In some of these cases, both the P value of the electrophoretic pattern 
and the labile liver protein (after Fishman) were determined with the 
same specimens of liver tissue, aud it was found that a P value of 80 per 
cent corresponded to a liver protein content of about 13 g./dl, lower P 
values corresponding to the liver contents lower than 13 g./dl. 

The results obtained concerning the change in P value due to varying 
extents of operative influence (Table II) also substantially agree with 
these of our study on the labile protein. For example, the P value decreased 


a 
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upon operation in a large majority of cases of subtotal gastrectomy with 
less than 300 g. blood transfusion (requiring about 1 hour for operation ; 
bleeding: about 100 g.), while the value increased in half of cases similar 
to the above but with more than 500g. blood transfusion (Table III). 
Further, transfusion of more than 500 g. blood was found to check the post- 
operative decrease in liver protein as in the previous study. 

Before operation, there was found little difference in P value between 
the right and left lobes (Table IV). But the effect of operation seems to 
be greater on the right lobe than on the left, in that the degree of post- 
operative decrease in P value was higher in the former (Table V). This 
difference in degree of postoperative decrease between both lobes was 
reversed in most cases when transfusion of more than 500g. blood was 
performed, though transfusion of less than 200 g. blood seemed to be little 
effective (Table VI). It will be seen here, too, that blood transfusion 
served to check the decrease of the right lobe value, which otherwise 
would occur quite remarkably. The fact that in some cases electrophoretic 
estimation of the P value and determination of the labile liver protein 
were performed in parallel on the same specimen makes this tendency the 
move trustworthy. If functional difference between the right and left 
lobes as demonstrated by Dick® is referred to, it is interesting that the P 
value of the right lobe is readily affected by surgical operation or blood 
transfusion. 

The P value in cases of biliary tract disease was found to be lower, 
irrespective of being concurrent with icterus or not. The value in cases 
of liver cirrhosis was still lower. In relation to this, it is to be noted that the 
decrease in P value due to experimental liver disturbance has been demon- 
strated by Ito®) by the same electrophoretic method as that used in the 
present work. 


SUMMARY 


Using our method for obtaining electrophoretic patterns of liver 
‘component with a small specimen, liver protein in clinical cases was in- 
vestigated, with the results to be summarized as follows: 

1. In many cases of gastric or duodenal ulcer and gastric cancer, 
the liver protein value of the left lobe was lower than 80 per cent pre- 
operatively, and indeed about 26 per cent of the cancer cases (14 cases) 
showed protein values below 70 per cent. Lower values appeared more 
frequently in far advanced cases or cases with remarkable complications. 

2. Even such gastric operations as those requiring not more than 
1 hour brought about decrease in liver protein value. This decrease, 
however, could be checked by transfusion of more than 500 g. blood during 
operation. 
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3. Preoperatively, there was found little difference in liver protein 
in value between the right and left lobes. Postoperatively, however, 
the liver protein value of the right lobe was definitely lower than that of 
the left in many cases. From a comparison of the liver protein values 
between both lobes, these postoperative low values of the right lobe seems 
to have been brought about by the tendency of the right lobe to be readily 
influenced by operation. A transfusion of a large amount of blood seems 
to serve to check this. 

4. In patients with liver disturbances, especially those with liver 
cirrhosis, the liver protein showed very low values. 
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Chemical studies of dura mater has not as yet been accomplished. 
Histologicaly dura mater is composed of connective tissue. We examined 
the tissue histochemically by periodic acid oxidation method according 
to Hotchkiss! and with positive result. Furthermore, metachromatic re 
action with toluidine blue was given even at pH. 2.5 but commercial 
hyaluronidase (Sprase of Mochida Co.) showed no effect on the reaction, 
suggesting the presence of an acidic polysaccharide different from hyaluronic 
acid in this tissue. Therefore, it was attempted to isolate this acidic 
substance, and a new polysaccharide was obtained. From the analytical 
data it is assumed as a polysulphate of polygalacturonic acid. To add, 
it was found that this substance has an antihemocoagulative activity. 


EXPERIMENTAL 


2 g. of desiccated dura mater was freed from blood vessels, chopped and 
extracted with 20 ml. of 1 N sodium carbonate solution at room temperature 
(25-27°C.) for 24 hours. This procedure was conducted again and the 
combined extracts were neutralized with glacial acetic acid and dialyzed 
in tap water for about one week (12-15°C.). The solution was filtered, 
and the filtrate was concentrated under reduced pressure. From the con- 
centrated solution crude substance was precipitated by addition of ethanol, 
and dried with ether. Yielded was about 500 mg. of a greyish-white 
powder here. The substance in this step gave positive biuret reaction. 
Therefore deproteinization was processed by Sevag method. Namely, 
500 mg. of it was dissolved in about 50 ml. of water and shaken with a 
chloroform-octyl alcohol (9:1) mixture. After several repetitions of this 
procedure, a protein free, clear solution was obtained. It was concentrat- 
ed under diminished pressure to about 15 ml. and precipitated with 4 
volumes of ethanol. And the precipitate was collected by contrifugation 
and dried with ethanol and ether. A white powder given amounted to 
about 100mg. This substance was electrophoretically homogeneous as 
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shown in Fig. 1. 


Fig. 1. Electrophoretic pattern of polyuronide from dura mater in 
veronal buffer at pH 8.5. Current 16 mA, temp. 8°C., exposure : 38 min, 


Qualitative and quantative analyses are embodied in Table I. 


Qualitative and Quantitative Properties of Dura 
mater Polysaccharide 


A. Qualitative test 


Reaction Result 
Biuret 
Ninhydrin 
Molisch 
Goldschmiedt 
Naphthoresorcinol + 
Fehling: 
before hydrolysis ns 
after acid hydrolysis 
Hydrolysable sulfur + 
Phosphorus 
B. Quantitative analyses 
analysis | In per cent 
Total nitrogent | 1.6-0 


Reducing power (as glucose) (after 
hydrolysis with 2 N H,SO, for5 | 


hours) 26.8-27.0 
Hydrolysable sulfurt | 14.94 
Ash | 23.71 
| 


C. Optical rotation 


[e]3° +1.3° (c=1, in water) 


t+ Micro-Kjeldahl method. * Hagedorn-Jensen’s method. Reducing 
power reached maximum after 5 hours’ hydrolysis. t Saito’s method?). 


Paper partition chromatography. 5 mg. of the substance were hydrolyzed 
with 1 N HCl for 3 hours in a sealed tube and then neutralized with sodium 
carbonate. After concentration under reduced pressure the hydrolysate 
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was sampled on a strip (Toyo filter paper No. 2). The chromatogram was 
developed in descending way according to Masamune and Yosizawa®, 
employing 7so-butanol-pyridine-water (1: 1:1) as a solvent for irrigation. 
Developer, ammoniacal silver nitrate solution. Only one sugar spot 
corresponding to the position of galacturonic acid was detected. p- 
Anisidine reagent*’ was also used as an indicator, in which case the sugar 
spot showed the colour characteristic of uronic acid. 

Test for antihemocoagulative activity. Since the substance obtained was 
a polysaccharide polysulphate ester, it was examined whether it has this 
activity or not by the method of Chargaff e¢ al*’. As is shown in Table IT, 
the coagulation time at a dilution of 1 : 4 x 10-* of the substance in the main 
run compared with that in the control. 


TABLE II 


Occurence of Coagulation of Blood treated with Dura 
mater Polysaccharide 


Dilution of the substance (1:  ) 


4x 10-2 38 min. 00sec 
4x 10-3 | 19 50 
4x 10-4 50 
4x 10-5 | 14 05 
4x 10-6 11 25 
4x 10-7 | 10 40 . 
4x 10-5 | 7 05 
Control blood | 7 00 
Citrated blood coagulation 
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Wolfrom, Lemieux and Olin!) confirmed the 2-amino group in the 
molecule of D-glucosamine to have the same relative configuration as the 
2-OH in D-glucose, by deriving L-alanine from the amino sugar. If 
then, L-serine should be obtained by the procedure following : 


Oxid. N-Ac-L-serine aldehyde——>N-Ac-L-serine 
+ 


with 
Pb(Ac), (Acetone-D-glyceraldehyde 


Actually we could thus obtain L-serine from D-glucosamine. 


EXPERIMENTAL 


N-Acetyl-D-glucosamine was synthesized by the method of Zuckerkandf 
and Messiner-Klebermass?). 

Reduction of N-acetyl-D-glucosamine. Karrer & Meyer* have obtained 
N-Ac-D-glucosaminol by reduction of N-Ac-D-glucosamine with nickel 
catalyst under high temperature and pressure. We used aluminium 
amalgam as a reducing agent according to Nanji and Paton procedure’). 
Namely, 2 g. of N-Ac-D-glucosamine was dissolved in 16 ml. of distilled 
water, 3 g. of aluminium amalgam were added to the solution, and then 
the pH of the solution was adjusted to 7.8 by adding 5 per cent ammonium 
hydroxide. Reduction was processed at the temperature of 37-38°C. 
After 36 hours the solution gave no Fehling’s reaction. The solution was 
filtered off from the precipitate and the filtrate and the washings were 
concentrated to a syrup under reduced pressure after slightly acidifying 
with 1 N hydrochloric acid to pH 6.2. Next, to the syrup was added about 
30 ml. of methanol-ether mixture (1:3) until turbidity occurred and 
allowed to stand in an ice box overnight. Crystals appeared in thin needles 
with silky luster which were recrystallized from ethanol. Yield 90 per 
cent of theory. m.p. 156.2° (uncorrected) (Karrer and Meyer* reported 
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m.p. of 153°C.). N, (Micro-Kjeldahl) 6.19% (Calc. 6.28%). 

Synthesis of 5,6-monoacetone-N-acetyl-D-glucosaminol. 1.5 g. of N-Ac-D- 
glucosaminol were shaken in anhydrous acetone with fused anhydrous zinc 
chloride for two hours at room temperature. To the filtrate were added 
15 g. of anhydrous sodium carbonate, shaken and filtered. The color of 
the solution turned pale yellow. Again the filtrate was added to with 
another 5 g. portion of sodium carbonate and shaken. This time the color 
-of the solution turned deep yellow. The filtrate was condenced to a syrup 
under reduced pressure (20 mm. Hg) below 37°C. The brownish-colored 
‘syrup was allowed to stand in an ice box for 3—4 days whereby it changed 
into a crystalline mass. This was extracted with ether and the residue 
was treated with 20 ml. of hot ethylacetate and the ethyl acetate solution 
was cooled in an ice box for two or three days. Crystals formed in yellowish 
needles. After recrystallization from benzene the pure product was ob- 
tained. m.p. 107°C. N, 5.4% (Caled. 5.32%). Yield, 0.75 g. It was in- 
‘soluble in ether and water, but soluble in acetone, methanol and ethanol. 

Cleavage of 5,6-monoacetone-N-Ac-D-glucosaminol with lead tetraacetate. 
300 mg. of 5,6-monoacetone-N-Ac-D-glucosaminol was suspended in 100 
ml. of anhydrous benzene, 40 g. of lead tetraacetate were added in small 
portions under stirring and the mixture was shaken for 4—5 hours at room 
temperature. After completion of the oxidation (tested with iodine-starch 
reaction) the reaction mixture was filtered, and the filtrate was concentrated 
to a syrup in vacuo at 30°C., and shaken with ether, and the residue was 
dissolved in 20 ml. of water. The solution gave strong Schiff’s reaction. 
It was submitted immediately to further oxidation with bromine without 
isolating the aldehyde compounds by addition of bromine to 2% with 
following standing for 24 hrs. The solution gave no more Schiff’s reaction. 
‘Then the excess of bromine was removed by aeration. The bromide ion 
was removed by the aid of an excess of silver acetate and silver ion by the 
aid of hydrogen sulfite. The filtrate was extransted with ethyl acetate 
and the ethyl acetate solution was concentrated in vacuo toa syrup, which 
crystallized on standing in an ice box. The product after recrystallization 
from ethanol melted at 207.6°C. N, 9.2% (Calcd. as N-Ac-serine, 9.52%). 
[a]p (in water)—2.05° (c=1). The yield was about 20 per cent of theory. 

Deacetylation of N-acetyl-L-serine. N-Ac-L-serine obtained was hydro- 
lyzed by heating with 2 V hydrochloric acid in a boiling water bath and 
free L-serine was obtained in crystalline form. m. p. 235.5°C. (decomp.). 
[a], (in 1 N HCl)+14.45°. These constants agree with those of L-serine. 
‘The product was also identified by paper chromatography. 
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Winzler and Burk" reported the presence of the non-dialysable, heat 
stable ‘ proteose’ in rat blood and observed the high proteose content in 
tumor-bearing rats, and the same findings were also obtained in human 
plasma’). The blood proteose was later confirmed as mucoprotein of 
blood plasma*) and the determination and isolation of the proteins in 
blood®), as well as many observations of elevated blood mucoprotein 
content in case of cancer and other diseases such as rheumatic fever and 
infectious inflammatory diseases were informed. 

In 1950 Weimer e¢ al.) isolated an acid glycoprotein from normal 
human plasma in an electrophoretically homogeneous state, and Schmid 
prepared this protein in crystalline form as its lead salt®. On the other 
hand Odin and Werner’’®) detected the presence of sialic acid in the plasma 
acid glycoprotein amounting to about 10 per cent, and described to have 
determined the whole amount of the acid without numerical record. 
We have determined serum sialic acid content in normal and pathological 
human serum, and found sialic acid content parallels that of plasma 
mucoproteins. However, the sialic acid value of the serum exceeded that 
in serum mucoproteins, suggesting the presence of some other sialic acid- 
containing substance in addition to plasma acid giycoprotein. Although 
the presence of muco- or glyco-proteins other than plasma acid glyco- 
protein in blood plasma have been reported, sialic acid content of these 
proteins has not yet been determined. However, it is assumed that these 
mucoproteins also contain sialic acid in considerable amount. Regarding 
this problem, experiments are now in progress in our laboratory. 

Neuraminic acid is a closely related substance to sialic acid. Recently 
Béhm ef al.® found by the aid of Bial’s orcinol reagent the serum neuraminic 
acid level in normal person to amount to 40-65 mg.%, and further stated 
that the main portion of serum neuraminic acid is present in the globulin 
fraction. According to our observation sialic acid contains 70 per cent 
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of neuraminic acid. When the serum asilic acid content was determined 
in Niazi and State’s fraction by the aid of diphenylamine reagent,’ the 
normal values of serum sialic acid coincided with the serum neuraminic 
acid values reported by Béhm et al.®. 


EXPERIMENTAL 


Methods: Sialic acid determination was carried out according to 
Werner and Odin’s principle using /-dimethylaminobenzaldehyde (p- 
DAB) and diphenylamine (DPA) reagent*?. 

1) With p-DAB reagent: In a stoppered test tube 0.5 ml. of serum 
was introduced, diluted with distilled water to 10 ml. and 2 ml. of p-DAB 
reagent prepared according to Werner and Odin’s direction were added, 


TaBLeE I 
Sialic Acid Content in Serum 


| Sialic acid content (In mg./dl.) 


Name of diseases 
| by p-DAB reagent by DPA reagent 
1 Normal 275 95 
2 ” 300 140 
3 ” 300 228 
4 ” 280 220 
5 ” 240 40 
6 Cancer 440 120 
7 ” 440 150 
8 ” 509 180 
9 ” 670 470 
10 ” | 572 160 
11 ” 408 130 
12 ” 492 94 
13 T.B.; rheuma. 508 — 
14 T.B. 380 190 
15 ” | 280 100 
16 ” 480 280 
17 ” 420 200 
18 ” 336 —_— 
19 ” ‘ 336 80 
20 ” 270 _ 
21 ” 312 — 
22 ” 460* 
23 ” 435%* 
24 ” | 386 _— 
25 Diabetes 340 200 
26 Sinuitis maxil.; cellulitis 340 240 
27 Gall-stone | 336 160 
28 Sinuitis maxil. 324 120 
29 | ” | 366 160 
30 Cellulitis | 324 144 
31 Pansinuitis 312 140 
32 Cellulitis | 320 126 
33 |  Sinuitis | 348 160 


T. B. Pulmonary tuberculosis. * In these cases slight hemolysis occurred. 
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followed by placing the test tube in boiling water bath for 30 minutes. 
The reddish-purple colour developed was determined by photoelectric 
colorimeter (filter: green). For the standard crystalline sialic acid was 
prepared from bovine submaxillary mucin according to Blix™. 

2) With DPA reagenet: In a stoppered test tube 0.5 ml. of serum 
was introduced and diluted with distilled water to 5 ml., then 6 ml. of 
DPA reagent and 3 ml. of trichloroacetic acid (5°) were added. The 
test tube was heated in boiling water bath for 30 minutes. The reddish- 
purple colour developed was determined as described above. 

Results (Table I). When f-DAB reagent was used, sialic acid con- 
tent ranged below 300 mg./dl. in normal serum but above 400 mg./dl. in 
the serum of cancer patients. In other diseases, particularly in pulmonary 
tuberculosis, the values lay below 400 mg./dl., except in case of rheumatic 
fever. When the determination of serum sialic acid was carried out with 
DPA reagent, lower values were always obtained than those by p-DAB 
reagent. The reason for the difference awaits to be clarified. By the 
determination the caution against hemolysis is needed in obtaining the 
blood serum because of that the high sialic acid values are obtained in 
hemolyzed serum. As far as our experience the determination of serum 
sialic acid may be useful as a diagnostic aid in evaluation of clinical 
syndromes caused by cancer, although high serum sialic acid value equal to 
that of cancer would be obtained by rheumatic fever. 
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INTRODUCTION 


It is a well-known fact that the product of intensity I and duration t 
of light is constant for just visible brief flashes of light. However the 
above-mentioned Bunsen-Roscocoe law does not hold any more when 
the duration of light exceeds a certain critical value. 

Much work has been done by a number of investigators’-*) on the 
relation between intensity and duration of light just effective to produce 
a visual effect. 

Graham and Margaria®) working in the peripheral areas of the human 
retina, found that as the duration of light increases, a transition can be 
seen from the relation I t=constant to the relation I=constant. This 
means that the effect of light on the retina becomes constant independent 
of duration, when the latter is longer than a certain critical value. 

Karn”) obtained results similar to those by Graham and Margaria at 
the fovea, too. A similar relation was found by Hartline® in the Limulus 
eye, taking action potentials of a single optic nerve fiber as an index. 

In the present experiment, the electrical excitability of the retina 
following a photic stimulus was investigated as a function of intensity and 
duration of the light used, because it has been shown by Motokawa and 
his associates that measurements of electrical excitability provide serviceable 
means for analysis of visual function. 


EXPERIMENTAL 


Method 


Following exposure to light, the electrical excitability of the dark- 
adapted eye increases temporarily above normal. 
The crest time of supernormality depends upon the wave-length of 
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the light used, and the degree of supernormality increases with its intensity. 
Therefore, increases in electrical sensitivity were measured, using photic 
stimuli of various intensities and durations. The details of the apparatus 
and the procedure to determine electrical excitability are given in Moto- 
kawa’s papers*’”), So only important points will be mentioned here. 

After a preliminary dark adaptation for about 20 minutes, experiments 
were carried out. The index of excitation was the least perceptible elect- 
rical phosphene. Stimulating currents, single constant current pulses of 
100 msec. were applied to the eye through a pair of silver electrodes, placed 
one on the forehead slightly above the eyebrow, and the other on the 
homolateral temple of the subject. 

First, the threshold voltage for a dark-adapted eye was measured in 
such a way that, starting with a voltage sufficient to cause a distinct light 
sensation, the stimulating voltage was lowered step by step until finally, 
the subject could no longer distinguish the stimulus from one far below 
the threshold. By repeating this procedure, the reference threshold was 
determined. 

_ Then the excitability after an illumination was determined in a similar 
manner, fixing the interval between the end of illumination and the electrical 
stimulus at 1, 1.5, 2, or 3 seconds. 

The effect of light was expressed in terms of € which was defined by 
the formula €==100 (E-E,)/E,, where E represents the electrical excitability 
after an illumination, and E, that at the resting level. 

An opaque glass disc. of 1cm. in diameter was illumiaated from 
behind by white light or spectral light, and viewed from a distance of 
45 cm. so that the visual angle subtended by the disc at the eye was 1°30’. 
The target was always fixated centrally. In order to vary the duration 
of illumination from 40 msec. to 500 msec. a sector having a variable slit 
was moved like a pendulum in front of the target. 

Duration of illumination corresponding to each width of the slit was 
calibrated with a photocell and a cathode-ray oscilloscope. 

The spectrum used in this experiment was an equal-energy spectrum, 
whose intensity was 350 times as high as the threshold intensity for the red 
light of 650 my of visual angle 2° at the dark-adapted fovea. 

The intensity of the light stimulus was controlled by a neutral wedge. 


Results 


Examples of ¢-time curves obtained at the fovea are illustrated in 
Fig. 1. In this experiment, a flash of spectral light 40 msec. in duration 
was delivered, and the excitability at various times after the flash was 
measured. The data refer to red (650 my), yellow (585 my), green 530 
my) and blue (470 my) lights. 
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Fig. 1. {-time curves obtained: at fovea with preilluminating spectral 
lights of 40 msec. and different wavelengths. Ordinates: percentage in- 
creases of electrical excitability caused by a flash of light above resting level, 
Abscissas : time in sec. after end of preillumination. 


As can be seen in the figure, the curve has its crest at about | sec. for 
red light, at about 1.5 sec. for the yellow light, at about 2 sec. for the green 
light and at about 3 sec. for the blue light. According to the analysis by 
Motokawa!*-'®), the crest times 1, 1.5, 2 and 3 seconds are characteristic 
of the red, yellow, green and blue processes respectively, and the magnitudes 
of the maximal ¢-values are in proportion to the logarithms of the in- 
tensities of the lights used. 

The relation between the magnitude of each color process and the 
duration of the light stimulus is represented in Fig. 2, in which the maxima! 
f-values of each process are plotted as ordinates against the logarithms 
of durations as abscissae. 


As can be seen in this figure, each process increases in magnitude as 
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Fig. 2. Dependence of magnitudes of cone processes (maximal f-values) 
upon log durations of preillumination at fovea. 
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the duration is lengthened, and reaches the highest level at about 200 
msec. The critical duration at which the magnitude of response reaches 
the highest level may be called “ saturation time ”’. 

It is to be noted that the saturation time is independent of wave 
lengths. This finding may be interpreted in such a manner that the 
saturation time would be determined by the total amount of energy ab- 
sorbed, because the light used in the above experiments came from an 
equal-energy spectrum. 

At the critical duration the product of light intensity and its duration 
would reach a certain critical value, so that the effect of light becomes 
maximal. The fact that the response remains constant above the critical 
duration would correspond to the relation I=const., which has been 
found by the previous investigators. 

If the amount of energy absorbed were a determining factor, it might 
be expected that the saturation time would be shortened by increasing the 
intensity of light. Next experiment was performed to see if this would 
really be the case. In this experiment spectral lights of an intensity 10 
times as strong as that used in the above-mentioned experiment. 

The €-time curves are illustrated in Fig. 3. They are somewhat 
higher than those illustrated in Fig. 1, but their crest times are the same 
as those of the corresponding curves in the previous experiment, namely 
1,0, 1.5, 2.0, and 3.0 sec. for red, yellow, green and blue light respectively. 

Fig. 4, represents the relation between the magnitudes of the cone 
processes and the logarithms of durations of preillumination. The 
general character of the relation is very similar to that found with the 
weaker stimuli, although the maximal magnitudes of the cone processes 
are higher than those of Fig. 2. It is to be noted that the saturation time 
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Fig. 3. {-time curves for spectral lights 10 times as strong as those used 
in Fig. 1. 
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Fig. 4. Dependence of magnitudes of cone processes upon log-durations of 
preillumination at an intensity level higher than that used in Fig. 2. 


is still 200 msec. despite the fact that the intensity used was 10 times as 
high as that used in the preceding experiment. This finding cannot be in 
line with the assumption made above that the saturation time would be 
determined by the total amount of energy absorbed, because the increase 
of light energy given to the retina has brought no shortening of saturation 
time. 

It is now apparent that the principle of the constant energy does not 
hold, and that the data obtained in these experiments can not be ex- 
plained in terms of photochemical reaction. 

In the next series of experiments, white light was used as preilluminat- 
ing light instead of spectral lights, the other experimental condition being 
the same as above. 

A flash of white light 400 msec. in duration and of various _ intensities 
was given to the foveal center (visual angle 1°30’). The ¢-time curves 
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Fig. 5. {-time curves obtained at fovea with preilluminating white light 
of 40 msec. at various intensities. 
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obtained are shown in Fig. 5. The intensities used were 100, 1, 0.1, and 
0.01 lux from the top downward. As can be seen in this figure, the curves 
consist of one elevation, having their maximum at about 2sec. As the 
intensity of light is lowered, ¢-values decrease. Such curves for white 
light represent an envelop of the R, Y, G, and B processes®)!5)!®) (Moto- 
kawa). 

The relation between the maximal magnitudes of € and the duration 
of white light is shown in Fig. 6. As the duration of preillumination rises 
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Fig. 6. The relation between maximal f-values and log durations of 
preilluminating white light of various intensities. 


f-values increase in proportion to the log of duration and attain a con- 
stant level at about 500 msec. It is to be noted that the saturation time is 
constant irrespective of light intensities. The relation is very similar to 
those obtained with spectral lights mentioned above, but it deserves atten- 
tion that the saturation time for white light is definitely longer than that 
for spectral lights, the former is 200 msec., while the latter 500 msec. It 
seems that there is some qualitative difference between monochromatic 
lights and compound light ilke white light. The difference observed be- 
tween the spectral and: white lights cannot be due to the difference in 
brightness, because white light of very low brightness, e.g. that of intensity 
0.1 lux yielded a saturation time of 500 msec., while the saturation time for 
the brightest spectral light, yellow was still 200 msec. 


Discussion 


As the above experiments show, excitation of retinal receptors is always 
saturated at a constant duration of illumination independently of its wave 
length. This means that the so-called saturation time has no concern 
with the individual characters of the receptors involved. 

As has been pointed out above, we can not explain this phenomenon 
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based upon the photochemical reaction following the Bunsen-Roscoe’s 
law, because the saturation time remains constant even though the total 
amount of energy given to the retina is changed. Therefore it does not 
seem likely that the saturation of the effect of light occurs when the amount 
of light delivered to the retina has amounted to a certain constant value. 

According to Wright’), excitation of the retinal receptors seen to 
depend upon the balance between the decomposition and the resynthesis 
of the photochemical substances. If this supposition is correct it is pos- 
sible that the saturation time depends upon not only the velocity of photo- 
lysis, but also that of resynthesis which proceeds during and after an il- 
lumination. However, we need not limit our discussion to the events of 
the receptor-cell level, for it is certain that neurophysiological phenomena 
occurring in the retinal network play an important role in retinal excitation 
caused by superthreshold stimuli, such as those used in our experiments. 
The consideration of neurophysiological phenomena is especially important 
in our case, because it is very likely that the site of attack of electrical 
stimuli is not the receptor-cells, but the retinal network. The marked 
difference between the saturation times of spectral lights and white light 
is most difficult to interpret. 

A tentative explanation of this fact may be as follows: Some inter- 
action occurs among different receptor systems, when they were excited 
concurrently by white light. The interaction would cause retardation 
of processes of excitation and recovery in individual systems, so that the 
saturation time becomes longer for white light than for monochromatic 
light which stimulates fewer kinds of receptor systems. It would however, 
be difficult to assume that there occurs such an interaction at the receptor- 
cell level. 

We have, however, some grounds to assume such an interaction in 
the retinal network, because it is known that there are lateral connections 
among individual pathes even at the fovea; Granit'!) suggested physio- 
logically that there is some interaction among receptor systems at the 
fovea. 


SUMMARY 


By the method of electrostimulation, the relation between the magnitude 
of cone-processes and the duration of the light stimulus was investigated 
at the human fovea. 

1. The magnitudes of cone processes increased almost proportional 
to the logarithm of the duration of light till a certain critical duration was 
attained beyond which the response remained constant. The critical 
duration was designated “ saturation time ”’. 

2. The saturation time was 200 msec. remaining unaltered, no mat- 
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ter what the wave lengths and intensities of the spectral lights used might 
be. 

3. The saturation time for white light was always 500 msec. regard- 
less of its intensity. 

4. The difference in saturation time between spectral and white 
lights was interpreted in terms of interaction among the receptor systems 
involved. 


The writer is greatly indebted to Prof. K. Motokawa, under whose guid- 
ance this investigation was performed, for his generous advice and valuable 
suggestions throughout the course of the experiment and the preparation of the 
manuscript. 
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INTRODUCTION 


Motokawa! found that the electrical excitability of the dark-adapted 
human retina becomes supernormal after an illumination of the eye. 
This supernormality depends upon various factors, among which the most 
effective is the intensity of illumination. 

The relation between the intensity of illumination and the electrical 
excitability was investigated by Motokawa and Iwama”), keeping the dura- 
tion of illumination at 2 seconds. 

Although it has been investigated by Mita et al.*) and by Oikawa®, 
how the electrical excitability of the eye changes at various durations of 
illumination, we have yet no systematic investigation extending over a 
very wide range of duration. 

Oba? studied this relation at the fovea, and obtained some interesting 
results. 

The present investigation has been undertaken in order to establish 
a similar relation in the periphery of the retina. 


EXPERIMENTAL 
Method 


The details of the apparatus and the procedure to determine electrical 
excitability are given in Motokawa’s paper®’, so that only the principle 
of the method and some remarks on the procedure for determination of 
electrical thresholds of the eye will be mentioned here. 

The electrical excitability of the dark-adapted eye after exposure to 
a photic stimulus increases temporarily, and this increase is taken as a 
measure for the effect of the illumination used. After a preliminary dark 
adaptation of about 20 minutes, the experiment was carried out. Stimulat- 
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ing currents, single constant current pulses of 100 msec. in duration were 
applied to the eve through a pair of silver electrodes by 21.5 cm?. in 
size, placed one (the cathode) on the forehead slightly above the eye brow 
and the other (the anode) on the homolateral temple of the subject. The 
electrical threshold was measured in such a manner that from a sufficient!y 
high level the stimulating voltage was reduced step by step until the subject 
could no more distinguish an electrical phosphene from the background 
of intrinsic light of the retina. A comparing procedure of Motokawa’) 
was used when the subject told that a sensation of phosphene was uncertain. 
In this procedure the effect of each stimulus was compared with that of a 
control stimulus, i.e. one far below the threshold. In order to determine 
one threshold value it was necessary to repeat such a trial from 20 to 40 
times. The threshold thus obtained is the reference threshold or threshold 
without pre-illumination. 

The same procedure was carried out at a certain interval after the 
end of pre-illumination to obtain a threshold which was usually lower than 
the reference threshold when the interval was longer than 0.5 seconds. The 
increase in excitability caused by i!lumination was quantitatively expressed 
by € which is defined by the formula: ¢€=100 (E-E,)/E,, where E and 
E, denote electrical excitabilities (reciprocal of thresholds) determined with 
and without pre-illumination. 

An opaque glass disc of 1 cm. in diameter was illuminated from be- 
hind by white light and viewed from a distance of 45 cm., so that the visual 
angle subtended by the disc at the eye was 1°30’. Between this opaque 
glass and the subject a sector was set in which an operture of variable width 
was made in order to allow the light beam to pass the aperture as the 
sector was made to sweep like a pendulum. The durations of illumination 
were calibrated by means of a cathode-ray oscilloscope, connected with 
a D.C. amplifier and a photocell. Four different durations of illumination 
ranging from 40 to 200 msec. were prepared in this way. Durations longer 
than 500 msec. were made by opening and closing a shutter mannually. 
In order to vary the intensities of illumination, the neutral wedge by East- 
man Kodak Company was used. ‘The other experimental conditions were 
quite similar to those described by Oba® in the previous paper, except 
that the retinal area illuminated was limited to 20° from the foveal center 
of the left eye. 


Results 


The €-time curves, or the excitability curves for white light of various 
intensities are summarized in Fig. 1. In these experiments a flash of white 
light of 40 msec. in duration was given at 20° from the foveal center. The 
intensities of illumination used were 500, 100, 50, 20, 10, 1 and 0.1 lux 
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Fig. 1. Excitability curves obtained at periphery 20° with pre-illuminat- 
ing white light of 40 msec. in duration at various intensities. Ordinates : 
percentage increases of electrical excitability above resting level.  Abscissas : 
time in sec. after end of pre-illumination. Number of each curve indicates 
the intensity of pre-illuminating white light in lux. 


from the top downwards. In this figure, percentage increases in electrical 
excitability of the eye over resting level are plotted as ordinates against 
times in seconds after termination of pre-illumination as abscissas. As the 
intensity of illumination is raised, the ¢-time curve increases in height, 
We can distinguish three elevations in the curves at lower intensities rang- 
ing from 0.1 to 20 lux, the first having a crest at 1.5 sec., the second at 
3 sec. and the third at 4.5sec. Based upon Motokawa’s analysis®’®), it 
can be said that the elevations at 1.5 sec. and 3 sec. represent the yellow 
process (Y) and the blue process (B) respectively, while that having its 
maximum at 4.5 sec. after the onset of the flash represents the rod-process. 
The reasons were described in detail by Motokawa et al.®’-" In accord- 
ance with the result obtained by Oikawa and Kurosawa! no rod-process 
appeared in the excitability curve when the intensity of illumination was 
increased to 50 lux and thereabove. When such a high intensity as 500: 
lux was used, the green process (G) having its maximum at 2 sec. increased 
so much in height that the maximum of the curve was determined by G. 

In the first place, it was attempted to study the relation between the 
magnitudes of the three elevations at 1.5, 3 and 4.5 seconds and the dura- 
tions of illumination at different levels of intensity. The results are il- 
lustrated in Figs. 2 and 3. 

In Fig. 2 € or percentage increases in electrical excitability of the eye 
over resting level determined 1.5 sec. after removal of pre-illumination, i.e. 
the magnitudes of the Y-process are plotted as ordinates against the logar- 
ithms of the durations of illumination as abscissas. As can be seen in this 
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Fig. 2. The dependence of magnitudes of Y obtained at periphery 20° 
upon logarithm of duration of pre-illumination. Number of each curve repre- 
sents the intensity of pre-illuminating white light in lux. 


figure, the magnitude of the Y-process increases as the duration of illumina- 
tion is prolonged, at such lower intensities as 0.1, 1 and 10 lux the €-values 
increase almost in proportion to the logarithms of the duration and reach 
the highest level at 6 sec. At intensity-levels of 20 and 50 lux, a similar 
saturation is seen at 3 and 1.5 sec. respectively. For higher intensities 
such as 100 and 500 lux, the duration at which a saturation of €-value 
occurs is 0.5 seconds. Such critical duration for saturation will be called 
“saturation time.” The shortest saturation time obtained in this experi- 
ment just coincides with that obtained at the foveal center for white 
light by Oba”. 

Similar experiments were carried out with respect to the magnitudes 
of the B-process. The results are shown in Fig. 3, in which €-values de- 
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Fig. 3. The dependence of magnitudes of B obtained at periphery 20° 
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termined 3 sec. after termination of pre-illumination are plotted as ordinates 
against the logarithms of the durations of illumination as abscissas. As in 
Fig. 2, the €-values increase in proportion to the logarithms of the durations 
and become saturated at various critical durations according to the in- 
tensities used. The saturation times are 6 seconds at such lower intensities 
as 0.1, 1 and 10 lux, 3 sec. for 20 lux, 1.5 sec. for 50 lux and 0.5 sec. for 
100 and 500 lux. Thus, no difference whatsoever can be seen between 
the data concerning the Y-and the B-processes, so far as the saturation 
time is concerned. The only difference consists in the highest magnitude 
of € for each intensity. 

The saturation times found in Figs. 2 and 3 are plotted as ordinates 
against the logarithms of the corresponding intensities as abscissas in Fig. 
4, in which we can distinguish two stable saturation times at 6 sec. and 
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Fig. 4. Saturation times of Y-and B-processes as a function of intensities 
of illumination. 


0.5 sec. The former refers to intensities lower than 10 lux and the latter 
those above 100 lux, while the saturation time takes various values between 
the two extremities within the transition range from 10 lux to 100 lux. 

It is to be noted that this range of transition approximately coincides 
with the range in which an interaction occurs between cones and rods at 
20° from the fovea, as was shown by Oikawa et al.” 

These authors showed that as the intensities of light increased both 
cone- and rod-processes increased in magnitude, but that at a certain 
intensity about 10 lux the rod-process began to decrease and was com- 
pletely suppressed above 100 lux. 


Discussion 


In the previous paper, Oba®) investigated the relation between the 
electrical excitability and the duration of illumination at the foveal center. 
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The data obtained in his experiment indicated that the saturation times 
for monochromatic lights of various wavelengths were always 200 msec., 
while that for white light was 500 msec. over a very wide range of intensities. 
This finding could not be accounted for in terms of the energy of light 
absorbed. 

As mentioned above, at intensities lower than 10 lux, the saturation 
time is always 6 seconds, and this range of intensities belongs obviously to 
the scotopic range. Oikawa!*) indicated that the Y-and the B-processes 
_ appear always hand in hand when achromatic sensations are elicited 
either by white or monochromatic light. Therefore the pair of Y and B in 
such achromatic vision was designated ‘ twin-process”’. It is very likely 
that the two processes, Y and B found in the present experiment correspond 
to the twin-process designated by Oikawa. In other words, the two 
processes Y ang B at the intensities of illumination of 0.1, 1 and 10 lux 
represent scotopic processes, although they take the same time course as 
the photopic yellow and blue processes. They are -of dual character, 
having a scotopic spectral sensitivity on one hand and a time constant like 
the photopic processes on the other, as stated above. The fact that they 
are characterized by a longer saturation time indicates their scotopic 


character. 
However, the magnitudes of € determined at 1.5 and 3 seconds after 


illumination become saturated at the same critical duration as found 
at the fovea, when the intensity of illumination exceeds 100 lux. From 
this fact it is very likely that they indicate the photopic processes although 
they were obtained in the periphery. In the intermediate region from 
photopic and to scotopic vision the two kinds of processes contribute to 
the measured magnitude of € in different proportions according to the 
degrees of excitation of both processes, so that the saturation time varies 
from 6 to 0.5 seconds. As was shown by Oikawa!?, the photopic process 
increases at the cost of the scotopic process, as the intensity of illumination 
is raised. The transition from 6 to 0.5 seconds in saturation time may be 
regarded as another expression of the rivalry between the photopic and 
the scotopic processes as revealed by Oikawa’s experiment. 


SUMMARY 


Using the method of electrostimulation the relation between the 
electrical excitability of the eye and the duration of illuminating white 
light was studied at 20° from the foveal center. 

The percentage increase in electrical excitability following an illumina- 
tion was expressed by €. ¢-time curves consist of three elevations situated 
at 1.5 and 3 seconds from the end of illumination and at 4.5 seconds from 
its onset. The latter was designated “‘ a rod process”’, while the process 
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with its crest at 1.5 sec. and that at 3 sec. were described as Y- and B- 
processes respectively. 

1. The magnitudes of the Y-process increased in proportion to the 
logarithms of the durations of illumination, and at a certain critical duration 
they became saturated. These critical duration was called “ saturation 
time”’. When the intensities of illumination were increased to 100 lux 
and above, the saturation time was always 0.5 seconds. This coincides 
precisely with that found by Oba at the fovea. 

2. The saturation times at such lower intensities as 0.1, 1 and 10 
lux were always 6 sec., and in the intermediate region from 100 to 10 lux 
the value of saturation time varied from 6 to 0.5 seconds. 

3. With the B-process quite the same result was obtained as with 
the Y-process. 

4. The data were interpreted in terms of photopic and scotopic 
excitation of the retina. 


I am greatly indebted to Prof. K. Motokawa for his many valuable dis- 
cussions and kind guidance. 
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Menkin" has extracted, from inflammatory exudates, leukotaxine 
which increased capillary permeability, and on studying the matter, he 
maintained that it would never shift into blood. Machiguchi®) also has 
denied the existence of any substance which showed a leukotaxine-like 
action in a normal human serum inactivated by heating at 56°C for half 
an hour. Thus, it has become a general belief that a normal human 
serum does not increase capillary permeability. However, I have acciden- 
tally observed that a patient with periodic attacks of somnolence showed 
an abnormal increase of capillary permeability during an attack and its 
serum which was taken ‘during an attack and inactivated displayed a 
leukotaxine-like action. ‘Thereupon, I have examined many other patients, 
hoping to find a similar behavior of serum. ‘The examinations have led 
to the discovery that inactivated serums of some patients did boost capillary 
permeability. I have tentatively termed this action of serum “ Capillary 
Permeability Promoting Action (CPPA).” Through further researches, 
I have arrived at the conclusion that this action of serum is very closely 
related with fibrinolysis. The following is a report of my findings on the 
clinical significance of CPPA. 


EXPERIMENTAL 
Methods 


1. Test on CPPA 
A fresh serum, which was diluted to three different degrees, i.e. 25, 50 
and 100 times respectively, by a normal physiological saline, inactivated 
by heating in a 56°C hot water bath for 30 minutes. 
Then, a 0.2 ml. shot of each of the three kinds of diluted serum was 
injected into a rabbit intracutaneously. These processes were immediately 
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followed by intravenous injection of a 20 ml. shot of 1 per cent trypanblue 
solution. Fifteen minutes later, the size of trypanblue pigmentation of 
the site of the serum injection was measured. 

2. Test on Fibrinolysis 

This was done according to Mac Farlane’s*) method. A plasma was 
diluted to three different degrees, that is, 16, 32 and 64 times respectively, 
by a physiological saline adjusted to pH 7.4. Then, a drop of thrombin 
solvent was added to each solution. Then, they were each incubated at 
37°C for 24 hours, at the end of which each solution was examined as to 
whether or not the fibrin clot in it had melted. The results were recorded 
as follows : 

1. When the fibrin clot was found melted in one of the three solutions, 
I expressed it with plus sign (+). 

2. When the fibrin clot was found melted in two of the three solu- 
tions, I gave two plus signs (+). 

3. When the fibrin clot was found melted in all three solutions, I put 
three plus signs (+). 


Results 


1, Fibrinolysis and CPPA of serum in case of internal diseases 

My clinical examinations of fibrinolysis and CPPA of blood serums 
were made on a group of healthy persons, as well as a group of patients 
selected at random. The patients were part of those coming under the 
care of the Okinaka Clinic of Internal Diseases in Tokyo University Hos- 
pital. Alongside the examinations, the capillary fragility of each case was 
also measured according to v. Borvely’s method and Rumpel-Leede’s 
method. 

As indicated in Table I and II, neither fibrinolysis nor CPPA of serum 
was observed in normal healthy persons or patients with normal capillary 
fragility. In contrast, as Table III shows, fibrinolysis and CPPA were 
both found positively present in the blood of cases of various allergic 
diseases including drug allergy, subacute bacterial endocarditis, liver 
cirrhosis, malignant neoplasma, collagen disease, and capillary toxikosis. 
With a very few exceptions, the patients who showed positive fibrinolysis. 
and CPPA commonly indicated a marked decline in capillary resistance. 

2. CPPA of serum caused by activated fibrinolysin in vitro 

I added chloroform to a normal human plasma in which neither 
fibrinolysis nor CPPA was proved to exist and stirred it for 30 minutes. 
Then this chloroform-containing plasma was incubated at 37°C for 24 
hours, so that the activated fibrinolysin might cause proteolysis of the 
plasma protein. Next, the chloroform was removed by centrifugation and 
the remaining chloroform free plasma was examined as to whether or not. 
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TaBLeE I 
CPPA and Fibrinolysis in Normal Healthy Persons 


| | | Size of pigmentation 


Patients’ | C.R. F 
initials | mmHg | diluted | diluted | diluted 

25times(mm) | 50 times (mm) 100 times (mm) 

| 
N. 18 - | 0x0 0x0 0x0 
K. 2 | — | 3x3 | 0x0 0x0 
z. 19 fo | 0x0 | 0x0 0x0 
F. 23 0x0 0x0 0x0 
B. 21 | — | 0x0 | 0x0 0x0 


| 


C. R. Capillary resistance (measured by v. Borvely’s method) 
F. Fibrinolysis. 


Taste II 
CPPA and Fibrinolysis in Patients with Normal Capillary 
Resistance 
| | Size of pigmentation 

(mm) (mm) (mm) 
U. | Meningitis tub2rculosa 18 0x0 0x 0 | 
K. | Myclitis | 20 |—| oxo | 0x0 | 0x0 
Y. Poliomyelitis ant. acuta 19 0x0 0x0 
Ss. | Dystrophia musculorum progressiva | 25 0x0 0x0 0x0 
A. | Mitralstenosis | 23 - 0x0 0x0 0x0 
F. | Myodegeneratio cordis | 21 _ 0x0 | 0x0 | 0x0 
T. Gastritis chronica \(-)) | 0x0 0x0 
I. Cholecystitis acuta 24 |—| 0x0 | 0x0 | 0x0 
M. | Phthisis pulmonum | 92 |—| 0x0 | 0x0 | 6x0 
N. | Ulcus duodeni 19 Oxo | 0x0 | 0x0 


it had CPPA. As given in Table IV, a remarkable degree of CPPA was 
found occurring in such a chloroform-treated plasma. 


CoMMENTS 


Nolf,®) Brenfenbrenner®), Rocha e Silva®) and Ungar*’ and others 
have reported that fibrinolysis occurred following an experimental ana- 
phylaxis or peptone shock. Clinically, it is commonly understood that 
fibrinolysis can be observed in such cases as sudden? death due to trauma, 
surgical operation," narcosis,’ haemorrhagic”) shock. According to 
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TABLE 


CPPA and Fibrinolysis in Patients with Abnormal Decreases 
in Capillary Resistance 


| | Size of pigmentation 
| (mm) | (mm) (mm) 
Serumsickness 7 | # 8x8 | 8x7 5=«5 
I. Erythema nodosum 7 HH | 9x9 | 6x6 9x8 
S. Purpura anaphylatoid 6 #) 12x12 | 14x14 | 10x10 
N. | Urticaria 7 || 6x5 5x5 | 3x3 
F. | Exantheme due to Sulfa-diazine 8 || 9x9 | 9x9 | 8x8 
K. Barbiturates poisoning 9 || 10x10 8x9 8x8 
t Subacute bacterial endocarditis 7 ft 16x15 12x11 12x11 
I. Liver cirrhosis 10 «13x13 12x13 | 10x11 
M. | Acute yellow liver atrophy 8 || 10x8 9x9 6x7 
I. Subacute yellow liver atrophy 9 He | 10 10 8x7 7x7 
S. Liver cancer 10 | # 10x11 9x10 8x7 
H. Peritonitis carcinomatosa 8 | 4) 8x7 6x5 3x3. 
A. Carcinoma ventriculi 10 | tH | 16x8 8x9 3x2 
Y. Reticulosarcomatosis 5 # | «10x12 8x5 5x3. 
A. | Acute leukemia 8 jw!) 8x8 | 4x7 | 4x7 
U. | Lupus erythematodes 8 || 10x12 | 8x9 | 10x8 
S. Sclerodermia 18 | # | 12x13 10x10 8x8 
x. Pluriglandular insufficiency #+ 10x10 8x8 8x9 
M. Capillary toxikosis 3 |, 12x8 8x8 7x8 
M. Waterhaus-Friedrichsen’s disease 209 22x17 | 17x18 
F. | Kala-azar — 10x10 8x8 | 9x7 
ye | Myocard infarkt 15 | # |} 10x9 | 8x8 6x5 


Tagnon"™) and others, a peripheral vascular failure is a common clinical 
symptom in cases attended by signs of fibrinolysis. My study has proved 
that no fibrinolysis is to be found in healthy people and most patients who 
have normal capillary resistance. I also found that among the cases 
accompanied by fibrinolysis are various allergic diseases including drug 
allergy, subacute bacterial endocarditis, liver cirrhosis, malignant neo- 
plasma, collagen disease, and capillary toxikosis. A common clinical 
symptom of these cases I have found was a decreased capillary resistance 
measured by v. Borvely’s method or a positive Rumpel-Leedes’ phenome- 
non. 

According to Menkin") and Machiguchi*’, no substance acting like 
leukotaxine exists in any inactivated normal serum. They thus have 
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TABLE IV 


Occurrence of CPPA caused by Activation of Fibrinolysin 
of Plasma in Vitro 


Size of pigmentation 


Patients’ 


diluted 


| 
(mm) (mm) | (mm) 
Y. | Normal plasma | 0x0 | 0x0 0x0 
| Its chloroform treated plasma | 12x12 | 12x12 12x15 
x. | __ Normal plasma | 0x0 | 0x0 0x0 
| Its chloroform treated plasma 10x10 | 10x10 | 5x8 
K. Norma! plasma | 0x0 | Oxo | 0x0 
| Its chloroform treated plasma 5x12 | 10x12 5x5 


helped establish the general belief today that a normal human serum does 
not increase capillary permeability. 

However, my unexpected encounter with a patient with periodic 
somnolence attacks, who showed, during such an attack, an abnormal 
increase of capillary permeability (in the form of decreased capillary 
resistance, haemoconcentration, hemorrhage into liquor cerebrospinalis 
and haematuria) led to my research findings that the serum taken during 
an attack of somnolence had a marked effect of increasing capillary per- 
meability, while that taken during the off-attack period had no such 
effect. I named this action of serum ‘“ Capillary Permeability Promoting 
Action (CPPA).” I also ascertained that CPPA is positive in various 
diseases as I specified above, in which fibrinolysis and decrease of capillary 
resistance were observable. 

I therefore reasoned that the decrease of capillary resistance in such 
maladies can be explained by the presence of CPPA in serum. Menkin 
held that leukotaxine can be produced artificially by digesting plasma 
protein with trypsin. Chaine and Duthie’) also were of the same opinion. 
I myself thought that CPPA of serum might perhaps be caused by pro- 
teolysis of plasma protein due to fibrinolysin, I therefore activated fibrinoly- 
sin in plasma by a chloroform treatment so as to digest the plasma protein. 
I thus discovered that CPPA of serum was produced by activation of 
fibrinolysin and digestion of plasma protein. My eventual conclusion is 
that it is reasonable to think that CPPA results from activation of fibrinolysin 
in plasma and that CPPA causes capillary permeability to increase. 


SUMMARY 


1. Neither CPPA of serum nor fibrinolysis is to be found in the healthy 
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persons and most cases of internal diseases without any decrease in capil- 
lary resistance. 

2. CPPA and fibrinolysis of serum are to be found in various allergic 
diseases including drug allergy, subacute bacterial endocarditis, liver cir- 
rhosis, malignant neoplasma, collagen disease, and capillary toxikosis etc. 

3. Increased capillary permeability is a common clinical symptom in 
patients with signs of CPPA of serum and fibrinolysis. 

4. CPPA of serum should be considered to result from activation of 
fibrinolysin in plasma and digestion of plasma protein. 
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In the preceding article’, I reported that while the normal human 
serum did not affect capillary permeability, the serum of a particular group 
of patients remarkably increased it. I tentatively named this action of 
serum Capillary Permeability Promoting Action (CPPA). 

I discovered clinically that CPPA was closely related with the activa- 
tion of fibrinolysin, and that CPPA caused a drop in capillary resistance. 
It is well known that cases of anaphylaxis and peptone shock both show 
marked signs of increased capillary permeability and fibrinolysis as well. 
I therefore attributed the increase of capillary permeability in such cases 
to the occurrence of CPPA or serum resulting from activation of fibrinolysin. 
The following is a report of new experiments I have conducted to prove 
my points. 


EXPERIMENTAL 
Methods 


1) CPPA was examined by the same method as Menkin®) used to 
examine leukotaxine. A fresh serum, which was diluted to three different 
degrees i.e., 25, 50 and 100 times respectively, by a normal physiologic 
saline, inactivated by heating in a 56°C hot water bath for 30 minutes. 
Then, a 0.2 ml. shot of each of the three kinds of diluted serum was injected 
into a rabbit intracutaneously. These processes were immediately followed 
by intravenous injection of a 20 ml. shot of 1 per cent trypanblue solution. 
Fifteen minutes later, the size of trypanblue pigmentation of the site of 
serum injection was measured. 

2) Fibrinolysis was examined by MacFarlane’s*) method. 

3) Anaphylaxis was brought about in guinea pig by using horse 
serum. 
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4) Pepton shocks were done in dogs. Before and after shock, red 
and white cell counts, haemoglobin contents and haematocrit were 
measured. 


Results 


Tables I and II show respectively the occurrence of fibrinolysis and 


TABLE I 


The Occurrence of Fibrinolysis and the Serum CPPA in 
Anaphylaxis of Guinea Pigs caused by Horse Serum 


| | Serum CPPA 
| 25 times (mm) | 50 times (mm) | 100 times (mm) 
| 


Before : When serum or plasma was taken before a challenging injection. 
After: When serum of plasma was taken after anaphylactic shocks. 
Fibrinolysis. 

The serum CPPA is shown by the size of pigmentations. 


The Occurrence of Fibrinolysis and the Serum CPPA 
in Peptone Shock in Dogs 


? | Serum CPPA 
No. | diluted diluted diluted 
| 25 times(mm) 50 times (mm) | 100 times (mm) 
0x0 0x0 | 0x0 
After 10x 12 | 15x12 | 6x8 
2 Before - | 0x0 0x0 0x0 
After | +e | 15x13 | 12x11 15x14 
3 Before 0x0 | 0x0 0x0 
After 15x12 10x8 10x8 
4 Before - 0x0 0x0 0x0 
After 10x16 15x10 10x8 
5 Before | ~ | 5x3 4x5 0x0 
After 10x15 13x14 12x15 


| 
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that of CPPA of serum in cases of anaphylaxis and peptone shock. 

In the case of anaphylaxis caused in guinea pigs all animals, whether 
they perished by the experiment or survived with moderate anaphylactic 
symptoms, equally showed positive signs of fibrinolysis and CPPA of 
serum. I obtained the same results in the case of peptone shocks caused in 
dogs. 

1) The effect of Sulfapyridine upon CPPA 

I previously*) discovered that the sulfapyridine (SP) prevented leuko- 
taxine. I therefore examined the effects of SP on CPPA of serum. I in- 
jected SP into normal healthy rabbits intravenously each at the rate of 
100 mg. per every | kg. of body weight. Twenty minutes later, I injected 
intracutaneously into each of the same animals 2.2 cc. of diluted serum 
which showed a CPPA and immediately thereafter I injected 1 per cent 
trypanblue solution intravenously. Fifteen minutes after all the process. 
was completed, I examined the size of tripanblue pigmentation on the site 
of the serum injection. 


Serum CPPA Preventing Effect of Sulfapyridine 
Serum CPPA 
diluted | diluted | diluted | diluted 
5 times (mm) | 10 times(mm) | 25 times (mm) | 50 times (mm) 

Contro! 9x8. | 1x9 | 8x5 5x6 
Control 9x5 | 8x4 5x4 5x2 
Control | 8x7 8x6 | 
SP treated 0x0 0x0 0x0 | 0x0 
SP treated 0x0 | 0x0 0x0 0x0 
0x0 


SP treated 0x0 0x0 | 0x0 


5 times diluted 10 times diluted 25 times diluted 50 times diluted 


serum serum serum serum 


SP treated a 


Size of pigmentation 


Fig. 1. Serum CPPA action preventing effect of SP. 


As shown in Table III, and Fig. 1 the rabbits which were treated with 


SP showed no pigmentation. As to the results, it became clear that SP 
inhibited the CPPA of serum. 
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2) Effects of sulfapyridine upon anaphylaxis (Table IV) 

Sulfapyridine was injected into sensitized guinea pigs intraperitoneally 
-each at the rate of 10 to 20 mg. per every 100 g. of body weight. Thirty 
minutes later, challenging injection was done in order to cause anaphylaxis. 

Of a total of 11 control guinea pigs, six died of shock. But none of 


TaBLeE IV 
Anti-anaphylactic Action of Sulfapyridine 
Guinea pigs | Survived | Died 
Control group | 5 | 6 
SP Treated group | 10 | 0 
TABLE V 


Effects of Sulfapyridine upon Peptoneshock in Dogs 
(Sulfapyridine inhibits the hemoconcentration caused by peptone shock) 


Before peptone After peptone 
Dogs Blood counts injection injection 


Control group 


Hb 10022 12022 
No.1 | Ht 44 52 
oe Red blood cells | 462 x 104 795 x 104 
Leukocytes | 9300 | 2500 
Hb 70% 
No. 3 Ht 23 30 
— Red blood cells | 322 x 104 422 104 
Leukocytes | 18500 8900 
Hb 87% 105% 
No.6 Ht 45 | 52 
Red blood cells | 577 x 104 761 x 104 
Leukocytes 14700 4400 
| Hb 9622 12122 
No. 9 | Ht | 49 55 
— | Red blood cells | 493 x 104 | 602 x 104 
| Leukocytes | 7800 3200 
Sulfapyridine-treated group 
Hb 16% 80% 
No.5 | Ht | 38 | 40 
Red blood cells 450 104 461 104 
Leukocytes 222000 19500 
| Hb 115% 1202 
es | Ht 45 49 
si Red blood cells 668 x 104 | 685 = 104 
| Leukocytes 12100 
| Hb 10222 | 11022 
No. 8 Ht 46.51 | 47.0 
me Red Blood cells 734 x 104 726 x 104 
| Leukocytes 10400 | 6700 
Hb | 107% | 1132 
No.7 | Ht 47.0 49.5 
— Red Blood cells | 638 x 104 657 x 104 


| 
Leukocytes | 11200 9300 
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a total of 10 guinea pigs receiving sulfapyridine injections died fo shock. 
Furthermore, in this latter group anaphylactic symptoms were very slight. 

3) Effects of sulfapyridine upon peptone shock 

Sulfapyridine was injected into a number of dogs intravenously each 
at the rate of 100-150 mg. per every one kg. of body weight. Before and 
after the challenging injection of peptone examinations were made with 
both the control and sulfapyridine-treated groups as to the red and white 
blood cell counts, haemoglobin contents, haematocrit value and_ blood 
pressure. 

The control group, after receiving a peptone injection indicated a 
remarkable haemoconcentration (increase in red blood cells, haemoglobin 
contents and haematocrit value) as well as a great decrease in the white 
blood cell counts. The blood pressure declined immediately after the 
peptone injection and then gradually began to recover 30 minutes after the 
peptone injection. 

The sulfapyridine-treated group showed a remarkable difference from 
the control group. Haemoconcentration as well as decrease of white blood 
cells were slight. The blood pressure declined very slightly and started to. 
recover five or ten minutes after the injection and, very swiftly, too. 


CoMMENTS 


I have made it clear that in cases of anaphylaxis and pepton shock, . 
fibrinolysis was positive and the serum acquired a nature to increase 
capillary permeability. 

The fact that fibrinolysis was observable in the instance of peptone 
shock was already reported by Nolf,®) Rocha e Silva,® Ungar’? and others* ° 
likewise reported that fibrinolysis occurred in case of anaphylaxis. Ac-. 
cording to Ungar® and others, the activation of profibrinolysin occurred 
either by adding peptone to a normal serum or by adding antigen to a 
sensitized serum in vitro. 

It seems that fibrinolysis in anaphylaxis and peptone shock which I 
have observed in vivo may be reasonably explained by the results of the 
experiments which Ungar made in vitro. However, the current general 
belief is that fibrinolysis occurs in vivo as a body reaction against stress. 
I also wish to think that fibrinolysis in anaphylaxis and peptone shock 
occurred as a body reaction against stress caused by an antigen-antibody 
reaction in vivo or by a peptone injection. 

Today opinions widely vary as to the pathogenesis of anaphylaxis. 
The serotoxin theory or the anaphylatoxin theory now seems to have com- 
pletely lost its ground. The theory now apparently getting the general 
support is that as a result of an antigen-antibody reaction in vivo, histamine 
or H-substance is discharged and the contraction of non-striated muscles . 
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occurs. Some people maintain that an anaphylactic shock is caused by 
the discharge of acethylcholine. 

It is widely known that symptoms of anaphylaxis differ with animals, 
although one of the typical signs of anaphylaxis is the contraction of non- 
striated muscles. Other important symptoms common to all animals in- 
clude an increased capillary permeability, haemoconcentration and de- 
crease of blood coagulability. 

The contraction of non-striated muscles may perhaps be satisfactorily 
accounted for by the histamine, or acethylcholine theory. But other com- 
mon symptom cannot possibly be fully explained by either of the two 
theories. 

I therefore deem it necessary further to study this question from 
various angles as to whether the pathogenesis of an anaphylatic shock is 
entirely attributable only to the contraction of non-striated muscles. 

For instance, it is now commonly believed that suffocation caused by 
the contraction of bronchial muscles plays a fundamental role in the 
anaphylaxis of guinea pigs. However, according to Andreasen’ and 
Schultz, the death by suffocation in the anaphylaxis of guinea pigs can be 
prevented by the administration of adrenalin, atropin or oxygen inhalation 
except in case of fulminating anaphylaxis, but all the animals under the 
experiments eventually died. In other words, it can be assumed that some 
causes other than the contraction of non-striated muscles which is due to 
histamine or acethylcholine may play a very important role in the death 
from an anaphylactic shock. 

Manwarring!””) has studied the anaphylaxis of dogs and held that 
for the occurrence of anaphylactic shocks in these animals, an increased 
capillary permeability is of the primary significance, while other symptoms 
are only secondary in importance. ‘Takeda'* has reported that the cause 
-of anaphylactic shocks is a peripheral vascular failure and an accompanying 
rapid exudative inflammation. 

Recently, it also has been made clear that one of the principal mode 
-of action of anti-histaminic drugs is a capillary permeability inhibiting 
action. 

The above facts show that increase of capillary permeability has a very 
great significance in the occurrence of anaphylactic shocks. 

But, could the increased capillary permeability in anaphylaxis be really 

-explained by the histamine or acethylcholine theory ? 

My experiments in this regard, made in a similar way as my earlier 
ones on leukotaxine, have proved that acethylcholine does not affect 
capillary permeability. 

On the other hand, the general belief is that in case of anaphylaxis, an 
increase of histamine in the blood is not always observable and even if 
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there is an increase, it normally disappears very rapidly. 

Judging from these facts, I doubt if we can fully explain the increase 
in capillary permeability in anaphylaxis only by the histamine theory. I 
have clarified that in case of anaphylaxis, fibrinolysis is positive and serum 
displays a CPPA. I think that such a serum CPPA is the very cause of the 
increase in capillary permeability in anaphylaxis. 

Rocha e Silva® and Scroggie™) has reported that histamine is dis- 
charged by the action of activated fibrinolysin. But according to my 
findings, it is reasonable to believe that histamine plays an important role 
in the contraction of non-striated muscles, but no part whatever in in- 
creasing capillary permeability. 

I have found that the administration of sulfapyridine protects guinea 
pigs from an anaphylactic death. I also have found that while sulfapyridine 
prevents the serum CPPA, it does not prevent the action of histamine upon 
the non-striated muscles. I therefore think that the antianaphylactic 
action of sulfapyridine should be attributed to its serum CPPA preventing 
effect. 

A peptone shock is a secondary shock. Many admit that in case of 
a peptone shock, there is an increase in capillary permeability. I have 
also observed that, in case of a peptone shock, there is a marked increase 
in capillary permeability, strong haemoconcentration, decrease in leuko- 
cytes count and also a heavy fall of blood pressure. In addition, fibrinolysis 
was found always positive and marked serum CPPA was observed. 

I also discovered that when sulfapyridine which prevents the serum 
CPPA was injected intravenously before a peptone injection, haemocon- 
centration and decrease of leukocytes and blood pressure were very slight, 
the slightly fallen blood pressure recovered very quickly, and symptoms of 
the shock were very little. 

From these facts, I infer that the activation of the fibrinolysin system in 
plasma and the activation of the serum CPPA play a very important role 
in the mechanism of the peptone shock. 

Anaphylaxis is caused by an specific antigen-antibody reaction and a 
peptone shock is nonspecific. What is common to both of them (ana- 
phylaxis and peptone shock) is the activation of fibrinolysin as well as the 
occurrence of the serum CPPA. And these two body reactions are of very 
great significance to the occurrence of those two types of shocks. 

_ Judging from the above findings, I wish to point out that anaphylaxis, 
which is commonly believed to be very singular in nature, is much in 
common in body reactions with other non-specific shocks except that it is 
caused by an antigen-antibody reaction. 
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CONCLUSION 


1. Fibrinolysis was found to occur in peptone shocks in dogs. The 
serum of the shocked dogs showed an evident sign of CPPA. 

2. Fibrinolysis was positive in anaphylaxis of guinea pigs sensitized 
with a horse serum. The serum of anaplylactic guinea pigs showed marked 
signs of CPPA. 

3. Sulfapyridine completely inhibited the CPPA of serum. 

4, The administration of sulfapyridine prevented an anaphylatic 
death of sensitized guinea pigs. 

5. In peptone shocks, the dogs treated with sulfapyridine showed 
such symptoms as less haemoconcentration and quicker recovery of the fallen 
blood pressure than those not treated with SP. 

6. I believe that these results indicate that activation of fibrinolysin 
and occurrence of a serum CPPA play a major part in causing anaphylaxis 
and peptone shocks. 
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In my preceding articles, I reported that the serum of some patients 
increased capillary permeability, while the normal human serum had no 
effects on capillary Permeability. I termed this action of serum the 
“Capillary Permeability Promoting Action (CPPA).” Clinically, I 
ascertained that the serum CPPA is closely related to the increase of capillary 
permeability. 

I also reported that the serum CPPA results from the activation of 
fibrinolysin system in vivo and plays an important role in increasing capillary 
premeability in anaphylaxis and peptone shocks. 

The present article is to report the significance of the serum CPPA in 
the mechanism of the Arthus reaction and the Shwartzman phenomenon. 


EXPERIMENTAL 
Methods 


I created the Arthus reaction in rabbits which had been sensitized 
with horse serum. I also created the Shwartzman phenomenon in rabbits 
by the use of coli-filtrate. I then examined the two groups of animals, one 
showing the Arthus reaction and the other the Shwartzman phenomenon, 
four to six hours after challenging injections of horse serum or coli-filtrate, 
to see if a serum CPPA and fibrinolysis were present in their blood. 

1) Test on CPPA 

A fresh serum, which was diluted to three different degrees, i.e. 25, 
50 and 100 times respectively, by a normal physiological saline, inactivated 
by heating in a 56°C hot water bath for 30 minutes. 

Then, a 0.2 ml. shot of each of the three kinds of diluted serum was 
injected into a rabbit intracutaneously. These processes were immediately 
followed by an intravenous injection of a 20m. shot of 1 per cent trypanblue 
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solution. Fifteen minutes later, the size of trypanblue pigmentation of the 
site of the serum injection was measured. 

2) Test on Fibrinolysis 

This was done according to MacFarlane’s method. A plasma was 
diluted to three different degrees, that is, 16, 32 and 64 times respectively, 
by a physiological saline adjusted to pH 7.4. Then, a drop of thrombin 
solvent was added to each solution. Then, they were each incubated at 
37°C for 24 hours, at the end of which each solution was examined as to 
whether or not the fibrin clot in it had melted. The results were recorded 
as follows: 1. When the fibrin clot was found melted in one of the three 
solutions, I expressed it with plus sign (+). 2. When the fibrin clot 
was found melted in two of the three solutions, I gave two plus signs (+). 
3. When the fibrin clot was found melted in all three solutions, I put 
three plus signs (++). 


Results 


1. Occurrence of fibrinolysis and serum CPPA in the Arthus reaction 
and the Shwartzman phenomenon 

In the case of Arthus reaction, a marked fibrinolysis was observed 
three to six hours after the challenging injection. The inactivated serum 
which was taken three to six hours after the challenging injection likewise 
showed a marked CPPA. 

Similarly, in the case of the Shwartzman phenomenon, fibrinolysis 
and serum CPPA were observed one to five hours after the challenging in- 
jection. 

TABLE I 


Occurrence of Fibrinolysis and Serum CPPA in the Arthus 
Reaction 


| Serum CPPA 


Rabbits Degree of 
No. reaction ——— _ Serum diluted | Serum diluted | Serum diluted 
| 25times(mm) 50 times (mm) | 100 times (mm) 


1 Iv’ + 8x6 | 8xs | 5x7 
2 Ill + | 8x7 | 3x4 | 5x4 
3 IV + | 8x8 107 | 10x11 
4 Ill 9x4 5x6 | 10x4 
; 2 + 9x11 | 4x3 | 0x0 


| 
The degree of the Arthus reaction 

IV Severe necrosis. 

III Haemorrhage with slight necrosis. 


II Haemorrhage. 
I Oedema. 
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TABLE II 


Occurrence of the Fibrinolysisand the Serum CPPA in 
the Shwartzman Phenomenon 


Serum CPPA 


Rabbit Degree of 
No. reaction Fibrinolysis Serum diluted 


Serum diluted | Serum diluted 
25 times (mm) 


50 times (mm) 100 times (mm) 


| 

6 IV 10x5 10x4 4x5 
7 Ill + 6x7 | 6x5 | 6x6 
8 Iv’ + 9x9 | 10x14 | 
9 IV +H 6x5 | 4x5 | 3x4 
10 m | + 12 16 8x8 5x4 


Note: The degree of the Shwartzman phenomenon is recorded as_ the 
Arthus reaction. 


2) Occurrence fibrinolysis and the serum CPPA in leg fracture (Fig. 1 
and Table IIT) 

When a leg of a rabbit is fractured artificially, fibrinolysis and the 
serum CPPA were observable one to four hours after the fracture. 


Taste 


Occurence of Fibrinolysis and the Serum CPPA in 
Leg Fracture 


Serum CPPA 
Rabbit 
No. Fibrinolysis | erum diluted | Serum diluted | Serum diluted 
25 times (mm) | 50 times (mm) | 100 times (mm) 
14 H | 15x12 | 13x14 10x 10 
17 13x12 | 10x8 
18 + 10x9 | 10x9 5x6 
25 4 7x9 8x5 | 5x6 
26 H | 11x13 | 10x5 | 8x9 


3) Influence of leg fracture upon the Arthus reaction 

When a leg of a sensitized rabbit is fractured two to three hours after 
the challenging injection in case of the Arthus reaction, the reaction is 
much stronger than in case of a control rabbit as shown in Fig. 2. 

4) Influence of leg fracture upon the Shwartzman phenomenon 
(Table IV) 

In the Shwartzman phenomenon, when a leg of a rabbit is fractured 
two to three hours after the challenging injection, the reaction is more 
severe than in case of a non-fractured control rabbit. What was very 
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diluted diluted diluted 
25 times 50 times 100 times C 
Normal rabbit serum P 
t] 
n 

Rabbit serum taken during 

the Arthus reaction P 
nN 


Rabbits serum taken during 
Shwartzman phenomenon 


Fig. 1. Figure of trypanblue pigmentation at the site where serum was 
injected intracutaneously. 


Rabbits serum taken in case 
of leg fracture 


H 
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Oo. ®@ 
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Degree of Arthus reaction 
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2x 4x 16X 32x 64x 


Titer of precipitin 


@ Fracture 
O Control 


Fig. 2. Influence of leg fracture on Arthus reaction. 


remarkable was the fact that both in the Arthus reaction and the Shwartz- 
man phenomenon, the fractured group showed a very rapid growing 


reaction. 
5) Effects of sulfapyridine upon the Arthus reaction and the Shwartz- 
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man phenomenon 

In my previous paper I reported that sulfapyridine prevents the serum 
‘CPPA and also showed an inhibitory effect upon anaphylaxis in guinea 
pigs. Therefore, I believe that in order to understand the significance of 
the serum CPPA in the mechanism of the Arthus reaction and the Shwartz- 
man phenomenon, it is very important to examine whether or not sulfa- 
pyridine inhibits the Arthus reaction and the Shwartzman phenomenon. 

I administered to rabbits sulfapyridine each at the rate of 100 to 150 
mg. per | kg. of body weight, three times at four-hours intervals after the 
challenging injection in the Arthus reaction. 

As shown in Fig. 3, in the Arthus reaction, the sulfapyridine-administer- 
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2 Wt 
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2x 4x 8x 6X 32% 64x 
Titer of precipitin 


@sP 
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Fig. 3. Effects of sulfapyridine upon Arthus reaction. 


TABLE IV 


Effect of Leg Fracture and Sulfapyridine upon 
Shwartzman Phenomenon 


| Control | Leg fracture | Sulfapyridine 

| Il Iv’ 

III IV’ | Ill 
Degree of reaction IV IV IV’ 

| | IV 

| IV | IV | II 
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ed rabbits showed a far less reaction than the control group. I did the 
same experiment as to the Shwartzman phenomenon. However, in the 
Shwartzman phenomenon, I could not observe any difference between the 
sulfapyridine administered group and the control group. 


CoMMENTS 


The Shwartzman phenomenon is clearly different from the Arthus 
reaction in pathogenesis. However, they have much similarity in local 
tissue changes. In both the Shwartzman phenomenon and the Arthus. 
reaction, a capillary haemorrhage is a common fundamental change in 
the local tissues. So, if we could understand the mechanism by which 
the capillary haemorrhage was caused, the mechanism of both the pheno- 
menon and reaction would be made clearer. 

In my previous paper, I reported that the activation of the fibrinolysin 
system in blood and the occurrence of serum CPPA caused by fibrinolysis. 
played an important role in the pathogenesis of anaphylactic shocks and 
peptone shocks. 

Now, I have come to presume that the activation of the fibrinolysin 
system and the occurrence of the CPPA might play some role in causing 
the capillary damage in the Arthus reaction and the Shwartzman pheno- 
menon. 

In the Arthus reaction there were marked sign of fibrinolysis and 
occurrence of serum CPPA in 4 to 6 hours after a intracutaneous injection 
of antigen. 

The leg fracture of a normal rabbit caused fibrinolysis and occurrence 
of serum CPPA. 

When a leg of a rabbit previously sensitized with a horse serum is 
artificially fractured in 1 to 2 hours after an intracutaneous injection of 
horse serum, its Arthus reaction was remarkably enhanced. 

When sulfapyridine, which inhibits the serum CPPA, was administered 
to a sensitized rabbit, three times at four hour intervals, after a intra- 
cutaneous injection of antigen, its Arthus reaction was greatly inhibited. 

In the Shwartzman phenomenon, there were also fibrinolysis and 
occurrence of serum CPPA. When a leg of a rabbit was fractured, the 
Shwartzman phenomenon was greatly enhanced. The administration of 
SP did not inhibit this phenomenon. 

Thereupon, I came to think that these results suggested that CPPA 
played a certain role in the mechanism of the Arthus reaction and the 
Shwartzman phenomenon. 

Ogata" reported that the Arthus reaction of rabbits sensitized with 
horse serum was markedly enhanced if horse serum was injected into the 
site of a previous coli-filtrate injection. He also found that when the 
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mixture of an antigen and bacterial filtrate was injected intracutaneously 
into a sensitized rabbit, the animal had a very severe Arthus reaction. 

It is generally accepted that a preparing injection of a Shwartzman 
filtrate damages capillary wands in local tissue slightly and increases 
capillary permeability greatly. 

Therefore, results of experiments as referred to above may be ex- 
plained by the idea that the bacterial filtrate increased the local capillary 
permeability on the site of the antigen injection, thus sharply enhancing 
the Arthus reaction. 

Thus, these experiments may possibly be accepted as a proof that 
the increased capillary permeability of local tissues play a certain role in 
the Arthus reaction. 

Ogata reported that a slight Arthus reaction was enhanced by an ire 
travenous injection of a Shwartzman filtrate. He further reported that 
when a Shwartzman filtrate was injected intravenously into a sensitized 
rabbit and the Arthus reaction in it was challenged, the Arthus reaction 
became very severe. 

I found that the leg fracture enhanced the Arthus reaction. I also 
discovered that a leg fracture and an intravenous injection of a bacterial 
filtrate caused a marked fibrinolysis and the occurrence of a serum CPPA. 

I therefore wish to offer a hypothetical explanation of the mechanism 
of the Arthus reaction like this: The antigen-antibody reaction in local 
tissues causes a slight capillary damage in local tissues as well as the ac- 
tivation of the fibrinolysin system of the circulating blood and the occur- 
rence of serum CPPA. The activated fibrinolysin and the serum CPPA 
give an additional and severer damage to the already slightly damaged 
capillaries in local tissues, finally causing a capillary haemorrhage. 

Shwartzman”) showed that when sensitized rabbits which had been 
prepared with an intracutaneous injection of bacterial filtrate were given 
intravenous injections of antigen 24 hours after the preparing injection, 
they showed a typical necrotic Shwartzman phenomenon. 

Nakauchi* reported that when a rabbit whose skin had been prepared 
with a bacterial filtrate was burned by exposure to heat 24 hours after 
the preparing injection, the animal presented a typical Shwartzman pheno- 
menon. I found that the antigen-antibody reaction in vivo as well the 
burn caused the activation of the fibrinolysin system of blood and the 
occurrence of a serum CPPA. 

From these experiments, therefore, it is to be understood that CPPA 
and an activated fibrinolysin play a certain role in the mechanism of the 
Shwartzman phenomenon. 

I found that when a 1% trypanblue solution was injected intravenously 
into a rabbit which had previously been given an intracutancous injection 
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of a bacterial filtrate, a marked pigmentation was seen at the site of the 
bacterial filtrate injection. This result makes it clear that the preparation 
of skin with a bacterial filtrate causes an increase in capillary permeability 
on the site of the bacterial filtrate injection. 

These facts enable me to explain the mechanism of the Shwartzman 
phenomenon like this: The activated fibrinolysin and the serum CPPA, 
which are caused by a challenging intervenous injection of the bacterial 
filtrate, damage the capillaries of local tissues whose permeability has been 
increased by a preparing injection, and eventually a haemorrhagic necrosis 
results. 

Recently, Stettson*) and Thomas offered a hypothesis about the me- 
chanism of the Shwartzman phenomenon. It is like this. The effect 
ef the skin preparation with a bacterial toxin is to bring about a change 
in the metabolic activity of the local tissues, with a increased lactic acid 
formation. And this new environment is favorable to the action of the 
tissue protease, which is normally prevented from acting upon the tissue 
components by a protease-inhibitory mechanism. The intravenous in- 
jection of a bacterial toxin prevents this inhibitory mechanism. In the 
prepared skin area, the tissue protease thus begins to act on the susceptible 
tissue components, causing damage to the blood vessels and capillaries, 
and an eventual haemorrhage. 

This concept is quite akin to my hypothesis in evaluating the signifi- 
cance of the proteolytic enzyme system, although Stettson and Tomas some- 
what disagree with me in defining the proteolytic enzyme. They think 
that the proteolytic enzyme is a tissue protease. 


SUMMARY 


In my studies on the significance of fibrinolysis and the serum CPPA 
in the mechanism of the Arthus reaction and the Shwartzman phenomenon, 
I have discovered that : 

1. Fibrinolysis occurred both in the Arthus reaction and the Shwartz- 
man phenomenon in rabbits and their serum showed marked signs of 
CPPA. 

2. Fracture of a leg of a rabbit resulted in fibrinolysis and a serum 
CPPA. 

3. When the rabbit’s leg was fractured after the eliciting injection 
in the Arthus reaction and the Shwartzman phenomenon, the local tissue 
reaction was stronger than in case of control rabbits. 

4. Sulfapyridine completely inhibited the CPPA of serum. 

5. The rabbits treated with sulfapyridine showed a less Arthus 
reaction than those not treated with SP. 


6. 
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From these results, it is to be inferred that activated fibrinolysin 


and CPPA play a certain role in the Arthus reaction and the Shwartzman 
phenomenon. 


1) 
2) 
3) 
4) 
5) 
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Motokawa!”) introduced an epoch-making method into the study 
of vision. By this Motokawa’s method,-he and his associates**’ attained 
success in seperating the photopic process and the scotopic one from each 
other. On this basis some of them—Motvkawa & Suzuki® and Ebe, Isobe 
& Motokawa®/—made detailed observations on several anomalous tri- 
chromats and dichromats. 

No observation on congenital total achromatopsia, however, has been 
made from this new point of view. 

Using Motokawa’s method the authors have made several observa- 
tions on the total achromatopsia and Oguchi’s disease, a typical congenital 
hemeralopia. 

Two different types of the congenital achromat are known: the rod 
monochromat and cone monochromat’’. In this paper the observation 
on one case of the type of the rod monochromat is described. 


EXPERIMENTAL 
Method 


The method used in the present paper is in principle the same as 
Motokawa’s””), The arrangement for the electrical stimulation of the 
eye is shown schematically in Fig. 1. The stimulating current pulse of 
100 milliseconds which is produced by opening the contacts K, and K, in 
succession. The strength of the current is controlled by the variable 
resistance R in the figure. A constant resistance of 10000 ohms is inserted 
in series in the stimulating circuit. The stimulating voltage is applied to 
the subject’s eye through a pair of silver electrodes of 3 x 3 cm® in size, one 
of which is placed slightly above the eyebrow and the other on the homo- 
lateral temple of the subject. The electrical contact between the electrode 
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and the skin is secured by electrode paste. The experiment was carried 
out in a dark room after a preliminary dark-adaptation of about 40 minutes, 
the electrical excitability of the eye (the reciprocal of the voltage threshold) 
being determined with the least perceptible electrical phosphene as an in- 
dex. The electrical threshold was determined in such a way that the 
stimulating voltage which was high enough to elicit a distinct electrical 
phosphene, was reduced step by step according to a comparing procedure 
until the subject could no more distinguish the stimulus in question from 
one far below the threshold. Near the threshold the voltage was graded 
by about 1%. The detailed description about the comparing procedure 
will be given in Motokawa’s paper??. 

In the next place, the electrical excitability at a certain definite mo- 
ment, say 0.5, 1, 2, 3, 4 seconds etc. after the end of illumination lasting 
a certain duration was determined in a similar manner as described above, 
and thereafter the threshold without pre-illumination was determined 
again to make sure that the state of the subject remained unaltered during 
the experiment. The pause between the successive stimulations was about 
30 seconds. 

The effect of the illumination on the electrical excitability after illumin- 
ation is expressed quantitatively by a term ¢ (Motokawa) which is defined 
by the formula: €=100 (E,—E,)/E,, where E, is supposed to represent 
the electrical excitability without pre-illumination and E, the excitability 
at the moment ¢ seconds after pre-illumination. 

The curve obtained by plotting ¢ as ordinate against the time after 
illumination as abscissa is called “ excitability curve’’ after Motokawa, 
and the time from the end of the illumination to the maximum of the ex- 
citability curve, the crest time. 

In determination of €, the multiple thresholds (Motokawa) were 
often encountered. All the excitability curves in this paper, however, 
are constructed by the lowest threshold. 

For the pre-illumination, a circular patch of ground glass was used 
which was illuminated by white light from a tungsten filament lamp. The 
pupil was dilated by 1% solution of homatropine hydrobromide to control 
the effect of the pupil size on the value of £. The subject was required to 
fix his eye monocularly in the middle between two small faint red lights 
which were slightly seperated from each other. 

The patient, achromat, was 22 years old, a myope of 8 diopters, show- 
ing congenitally ir. both eyes nystagmus, photophobia and reduced visual 
acuity of about 0.06 which was not corrected with any glasses. The dis- 
ease seemed to have shown a familial tendency. The pedigree is given in 
figure 2. He could not pass the tests with anomaloscope and pseudo- 
isochromatic plate and when shown a spectrum, his eyes revealed a grey 
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band of varying brightness with its both ends shortened. Examined with 
a colorimeter, he could match one colour with any one else when the 
intensities were suitably adjusted. The maximum in the patient’s lumino- 
sity curve for photopic vision deviated from yellow to green. No Purkinje’s 
phenomenon was observed. From the findings stated above, it is clear 
that the patient, achromat, belongs to a rod monochromat in type. 


Fig. 1 Fig. 2 
3 


50 volts 


Fig. 1. The circuit used for electrical stimulation of the eye. Explana- 


tion in text. 
Fig. 2. The pedigree of the patient. ¢, the achromat. ¢, the 
1 


patient’s younger brother, who is also a congenital achromat. 


A slight concentric contraction of the visual fields was found for a 0.5° 
white test object. Examination of the central fields with a 0.17° white test 
object showed no evidence of a central scotoma. A very small scotoma 
would not probably be detected, because of the somewhat unsteady fixa- 
tion shown by him. Furthermore an evident depression in the spatial 
and the intensity summation as well as a strong decrease in critical fusion 
frequency of flicker was observed in the central fields, as given in Figs. 3 
and 4. 


Results 


A. The change of electrical excitability during dark-adaptation 

The time courses of changes of the electrical excitability after the end 
of the light-adaptation for the achromat and a normal subject are shown in 
Fig. 5. This figure indicates that, while the electrical excitability of the 
normal subject drops rapidly in an initial period of dark-adaptation (Iwa- 
ma®)), the excitability of the achromat changes only slightly during the 
dark-adptation. 

B. The change of the excitability after a flash of light 

Motokawa and his associates*!) demonstrated that, when any 
portion of the periphery of the retina was exposed to a flash of light of 
sufficiently low intensity, the excitability curve presented a maximum ap- 
proximately at 4.5 seconds after the illumination of the flash ; consequently 
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Fig. 3. The foveal CFF (critical fusion frequency of flicker) of the 
achromat. Circular targets of 2.28 millilamberts in intensity were used. O, 
the achromat. *, a normal subject. 

Fig. 4. The foveal CFF (critical fusion frequency of flicker) of the 
achromat. A circular target of 2.0 degrees in visual angle was used. O, the 
achromat. %X, a normal subject. 
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Fig. 5. The changes in the electrical excitability after the light adapta- 
tions. The duration of the light adaptations is 10 minutes. O, the achromat. 
xX, a normal subject. Numbers on the curves are the intensity (millilamberts) 
of the light adaptations. 


the rod-process at the periphery can clearly be distinguished from the cone- 
process by tracing the time course of the change of electrical excitability : 
of the eye after exposure to a flash of light. | 

On the other hand, the value of ¢ depends on the conditions of pre- | 
illumination, say the areas, exposure and intensity of the patch used for | 
pre-illumination. In Fig. 6, € values at 4.5 seconds after the illumination | 
are plotted against the logarithm of the intensity of the flash. The ¢- ( 
log intensity curves were obtained for a normal subject from the retinal 
portion at nasal 10° from the fovea. From Fig. 6, it is seen that the res- 
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ponse of ¢ at 4.5 seconds after the illumination increases to some extent as 
the intensity of illumination rises, but begins to decrease above a certain 
intensity. These data indicate, as far as the €-log intensity curve of a 
normal man is concerned, that the component due to the rod-process is 
depressed at high intensities. 


10 
5 
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Fig. 6. The {-log intensity curves of a normal subject. The retinal part 
of nasal 10 degrees from the fovea is illuminated by a flash of white light. The 
duration of the flash is 1/100 second. Abscissa is the logarithm of the in- 
tensity of pre-illumination. Ordinate denotes £ at 4.5 seconds after the 
illumination. (A) : the size of the patch is 1/20 degrees in visual angle, the 
duration of the flash being 1/10 (x---*) or 1/100 (x——~) second. (B): the 
size of the patch is 5/4 degrees in visual angle, the duration of the flash being 
1/10 (x---x) or 1/100 (x——x) second. 


In the next place, the rod-process of the achromat was investigated 
by the excitability curves and the ¢-log intensity curves, which for the 
achromat and a normal subject are given in Fig. 7. It is observed in this 
figure that the curves of the achromat are remarkably different from those 
of the normal subject. At low intensities of illumination the response of 
the achromat, for instance, is rather lower than that of the normal. For 
a smaller patch (1/20 degrees in visual angle) and a flash of shorter duration 
(1/100 second), however, the achromat’s curve rises as the intensity in- 
creases, and seems to intersect the normal’s at the intensity of about 1 
millilambert (see Fig. 7). The crest time of the achromat was also found 
at about 4.5 seconds irrespective of the intensity and the retinal part il- 
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luminated. At the intensity of 1.02 millilamberts the excitability curve 
of the achromat and the normal subject are plotted in Fig. 8. Both curves 
are considerably similar in shape. The spatial distribution curves of rod- 
response (¢ at the crest time of 4.5 seconds) to the flash of white light at 
this intensity (1.02 millilamberts) for the achromat and a normal subject 


Fig. 7 Fig. 8 
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Fig. 7. The -log intensity curves of the achromat and a normal subject. 
The retinal part of nasal 10 degrees from the fovea is illuminated by a flash of 
light. Abscissa : the logarithm of the intensity of pre-illumination. Ordinate : 
the Z at 4.5 seconds after the illumination. 

Fig. 8. The excitability curves of the achromat and a normal subject. 
The duration of pre-illumination is 1/100 second. The retinal part of 
nasal 10 degrees from the fovea is illuminated with white light. The size of the 
patch used is 1/20 degrees in visual angle and the intensity, 1.02 millilamberts. 
O, the achromat. *, a normal subject. 


were determined and are given in Fig. 9, in which for convenience of com- 
parison, the density distribution of the rods determined by Osterberg® is 
also represented. As each curve indicates, the magnitude of the response 
increases in the parafovea and reaches a maximum at about 18-20 degrees 


DEGREES FROM FOVEA(NASAL) / 

Fig. 9. The spatial distributions of the rod-responses of the achromat 
and a normal subject. The patch used is white, of 1/20 degrees in visual 
angle and of 1.02 millilamberts in intensity. The duration of the pre-illumina- 
tion is 1/100 seconds. Abscissas are the nasal retinal parts illuminated. Or- 
dinates are the {s at 4.5 seconds after the pre-illumination. 

O—O: the achromat’s curve. a normal subject’s. *---x: the 
rod density distribution curve of Osterberg. 
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on the temporal side in the field of vision. On the peripheral side the 
magnitude of the response decreases slowly and steadily. This distribu- 
tion of the responses has a close resemblance to the density distribution of 
the rods, though they are not completely identical with each other. From 
these results it is clear that the achromat also exhibits the rod-process at the 
periphery of the retina in suitable conditions of pre-illumination, though 
the conditions are considerably different from those of normal man. 

C. Excitability curves after the illumination of 2 seconds in duration 

(1) Curves for photopic vision 

According to Motokawa!’, when the parafovea of the normal subject 
is illuminated with light corresponding to photopic vision, the excitability 
curve may show several maxima in general. The time from the end of the 
pre-illumination to each maximum is characteristic of the retinal receptor 
involved, but depends neither on the intensity and duration of the light 
used nor on the retinal area illuminated. Based on this fact the duration 
of the pre-illumination is fixed at 2 seconds in the present investigation. 
The data of a normal subject and the achromat are given in Fig. 10, 


T 2 
SECONDS 


Fig. 10. The excitability curves of the achromat and a normal subject. 
The white patch of 5/4 degrees in visual angle and 2.25 millilamberts in in- 
tensity is used for pre-illumination whose duration is 2 seconds. The achromat ; 
O—O, the curve at the fovea. O---O, the curve at the retinal part of 
nasal 26.6 degrees from the fovea. A normal subject; x——%*, the curve at 
the fovea. ---*, the curve at the retinal part of nasal 26.6 dgreees from 
the fovea. 


when these parts are illuminated for 2 seconds with white light of 2.25 
millilamberts. It is remarkably noted in the figure that the normal sub- 
ject shows evident responses, while the achromat is unable to show any 
response. Even at higher intensity, for example, at 40.5 millilamberts, no 
response was observed. These results indicate that the achromat, so long 
as photopic vision is concerned, is inactive in cone-function. 

(2) Curves for pre-illumination of lower intensities: 
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The intensity of light used for pre-illumination was, in this experiment, 
an intensity several times as high as the light-threshold intensity measured 
at the dark-adapted normal fovea. The patch used was two degrees in 
visual angle. At such an intensity where photopic and scotopic processes 
may be simultaneously at work, the excitability curves were taken in the 
achromat and the normal subject. The data obtained at the retinal parts 
outside the fovea are givenin Fig. 11. Asseen from this figure, the achromat 
indicates more or less higher responses than that of the normal, and all the 
curves of the former show a maximum at 3 seconds after the pre-illumina- 
tion regardless of the retinal parts illuminated. 

Figure 12 is the illustration of spatial distribution of the maximum 
responses which are shown by the achromat in Fig. 11. The distribution 
is gradually elevated toward the fovea and cannot agree with that of the 
rod, but seems rather to be similar to that of the cone. Based on these 
data, it is apparent that, at such an intensity as makes the photopic and 
scotopic process work in the normal retina, the achromat also shows at 
least two processes, the rod-process and another one. 


Fig. 11 Fig. 12 
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Fig. 11. The excitability curves at the parafoveas of the achromat and 
a normal subject. The patch of 2.0 degrees in visual angle is used for pre- 
illumination whose duration is 2 seconds. The intensity of illumination is 
several times as high as the light-threshold of the dark-adapted fovea of a 
normal subject. The achromat ; O—O, 5 degrees from the fovea. O--O, 
13 degrees. O---O, 26.6 degrees. O-----O, 50 degrees. A normal subject ; 

x——x, 5 degrees from the fovea. %--x, 13 degrees. X---X, 26.6 
degrees. 50 degrees. 

Fig. 12. The Z-distributions in the achromat’s retina and a normal sub- 
ject. The white patch of 2 degrees in visual angle is used for pre-illumination 
whose duration is 2 seconds. The intensity of the illumination is several times 
as high as the light threshold at the dark-adapted fovea of the normal subject. 
Ordinates are the Zs at 3 seconds after the end of the illumination. Abscissas 
are the nasal foveal parts illuminated. _O——O: the achromat’s curve. 
x——* : a normal subject’s curve. *-~-% : the rod density distribution curve 
of Osterberg. 
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(3) Z-log intensity curves 

To scrutinize the optimum conditions in which these processes in the 
achromat’s retina are most remarkably recognized, the following experi- 
ment was performed. 

Making use of Nagel’s adaptometer for the arrangement of pre- 
illumination the responses at the retinal part of nasal 5° from the fovea 
were determined at 3 seconds after the end of illumination of 2 seconds. 
The patch used was white and subtended 2° in visual angle. A curve was 
plotted for the achromat and the normal subject making these responses 
as ordinates and the logarithm of the relative intensities (arbitrary units) 
of the patch for pre-illumination as abscissas (Fig. 13). It is shown in 
the figure that the responses of the achromat are depressed at high in- 
tensities and his responses form two humps at lower intensities, while the 
curve of the normal subject shows neither depression in the response at 
high intensities nor such humps at lower intensites. 

The logarithms of the relative intensity (arbitrary units) correspond- 
ing to the left side hump is about 2.3 as can be seen from Fig. 13. On the 
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Fig. 13. The {-log intensity curves of the achromat and a normal sub- 
ject. The patch used is white and of 2.0 degrees in visual angle. Retinas 
are illuminated at nasal 5 degrees from the fovea. Abscissa is the logarithm of 
relative intensity (arbitrary units) of illumination. Ordinate is the € at 2 or 
3 seconds after the end of the illumination. O——O: the achromat’s curve 
determined at 3 seconds after pre-illumination. *——*: a normal sub- 
ject’s curve determined at 2 seconds after pre-illumination. *---*: the 
normal subject’s curve determined at 3 seconds after pre-illumination. 


other hand, the relative light-threshold intensity (expressed in the same 
unit as in Fig. 13) at the dark-adapted normal fovea for the white patch 
of 2° was determined. It was 10? units and its logarithm was about 2.4. 
The values of both logarithms are so near to each other that the left side 
hump may be assumed to be closely connected with the rod-process. 
At the intensity approximate to the intensity which makes the curve 
of the achromat form the right side hump in Fig. 13, the normal subject 
shows a break in his curve consisting of two sections. The dual nature 
of the curve, according to Motokawa and Iwama’s opinion"), very likely 
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represents rod function for the low intensity section and cone function for 
the high intensity section. Accordingly it is suggested that the right side 
hump may be connected with the cone-process. 


Discussion 


It is noted in B and C-—(2) that the cone-process in the photopic vision 
is not recognized on the achromat’s excitability curve and the evidence 
of the rod-activity is confirmed in the achromat’s retina. Thus, so far as. 
the photopic vision is concerned, the patient may be regarded as the so- 
called ‘rod-monochromat’ in the classical sense. The optimum con- 
ditions in which the rod-activity of the achromat is most evident, however, 
are considerably different from those of the normal man. This point 
seems to deserve attention, because these findings indicate that the achromat. 
behaves abnormally in the rod-function as well as the cone one. 

It is observed in the present experiment B that the rod-response of 
the normal man increases to some extent as the intensity of illumination 
rises, but begins decrease above a certain intensity. Oikawa and Kuro- 
sawa')!®) showed by Motokawa’s method that the rod-activity is suppressed 
in normal man at higher intensities. Judging from the present results just 
mentioned above and Oikawa and Kurosawa’s study, it is apparent that 
the rod-process is only slightly at work in normal man, if any, at higher 
intensities. According to Oikawa and Kurosawa’s analysis the depression 
of rod-activity at higher intensities of illumination is directly connected 
with the cone activity, or due to the inhibitory action of the cones upon 
the rod-process. Thus the inhibitory action is expected to be incomplete 
in the achromat’s retina, since the cone-process of the achromat is not 
recognized in the photopic vision. It is indeed shown in figure 7 that, 
when a certain condition of illumination (for example, the patch of 1/20 
degrees and the flash of 1/100 second) is used, the optimum intensity of 
illumination for the achromat’s rod-activity is higher than that of the normal 
man. This fact may be connected with Oikawa and Kurosawa’s assump- 
tion. 

Motokawa and Ebe*? found that, at parafoveal parts, where photopic 
and scotopic receptors co-exist, the crest time as measured after pre- 
illumination either depends or does not depend on the duration of pre- 
illumination according to whether the intensity of the pre-illuminating 
light is below or above the cone threshold. Motokawa & Ebe*) and Oi- 
kawa and Kurosawa!”!®) found that in the parafovea and at some lower 
intensities of pre-illumination at which photopic and scotopic processes are 
at work in the retina of the normal man, there appear three processes 
of different time courses and these correspond to the rod-process, Moto- 
kawa’s yellow- and blue-process respectively ; the crest times of the latter 
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are 1.5 and 3 seconds respectively. 

It is shown in our experiments that the crest time of the excitability 
curves of the achromat is 3 seconds irrespective of the parafoveal parts 
illuminated and the distribution curve of the response at the crest time 
resembles in some respects to that of the cone, and that process, as describ- 
ed in C-(3), is in the achromat depressed at higher intensity of illumina- 
tion. From these characteristics of the responses and the studies of Moto- 
kawa, Ebe, Oikawa and Kurosawa just referred to, the process which is 
shown by the achromat in figure 11, may correspond to Motokawa’s blue- 
process.” 

Takahashi!) investigated in a case of congenital achromatopsia the 
electric excitability of the eye as measured by stimulation with the rectangul- 
ar alternating current of varying frequencies, and found on the strength- 
frequency curve of the achromat that is adapted to white light two minima 
at about 36 and 18 cycles per second, the former being assumed to be the 
resonance frequency of blue-receptors and the latter, the resonance frequ- 
ency of rod-receptors (Motokawa & Ebe,!5)-!7) Tukahara and Abe'®)!®)), 
‘Takahashi, from his study, assumed the presence of the cone-process in the 
retina of total achromatopsia. 

From what has been said, it is apparent that the achromat has at 
least two processes, the rod- and another process, and the latter is found 
to have some properties characteristic of the cone-process which corresponds 
to blue-process. On the other hand, it should be remembered that this 
process in the achromat’s retina is scotopic one, because the process ap- 
pears only at low illumination and depressed in higher intensity. 

Motokawa””’ has provided evidence that the yellow-process does exsit 
in the periphery of the retina of the normal and colour-blind subjects. 
Furthermore Ebe, Isobe and Motokawa® found that a dominant yellow- 
process could be seen in the foveas of colour blind subjects. 

The presence of yellow-process in the achromat is not clearly proved 
in the present investigation. More elaborate examination, however, might 
prove the presence of the process. This point is being investigated. 

The dark-adaptation curve of one and the same patient in this paper 
was determined by Hatakeyama, our associate (1952 unpublished). He 
found that the two distinct sections were shown by the patient, achromat, 
on the dark-adaptation curve after certain conditions of light-adaptation. 
His data are cited in figure 14. He assumed from his finding that the 
achromat exhibited at least two processes, rod- and another process. 
Similar finding was reported by Lewis & Mandelbaum*"’ and Kawabata”). 
All these authors attributed the finding to cone- and _ rod-responses. 
Sloan?*) recently reported a number of cases of congenital total achroma- 
topsia whose dark-adaptation curve for a white light showed the two 
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Fig. 14. The dark-adaptation curve of the achromat (cited from Hatake- 
yama’s data). The condition of the light-adaptation is as follows. The 
intensity, 176 millilamberts. The duration, 5 minutes. The size of test 
patch is 10 degrees in visual angle. Central vision. Ordinate is the logarithm 
of the relative intensity (arbitrary units) of the patch. 


distinct sections, saying ‘‘ there are in the retina of the typical achromat. 
not only ‘normal’ low threshold rods but also receptors which are like 
rod in certain respects, like cone in others. . .”’. 

Larsen’s**) histological study of the retina of a typical achromat sug- 
gests the presence of receptors which resemble the cones rather than the 
rods. 

The evidences from the present investigation and the studies of Hatake-. 
yama, Kawabata, Sloan, Larsen and Lewis & Mandelbaum are in agree- 
ment in showing that there may be at work in the retina of the typical 
congenital total achromatopsia not only rod-process, but also another 
process which is like the cone-one in certain respects, like the scotopic 
one in others. 

It is demonstrated in figure 5 that the achromat showed nothing but 
a very slight change in the electrical excitability after pre-adaptation. 
To interpret this phenomenon completely, of course, we must discuss about 
various factors. One of the factors, however, might be the lack of the 
cone-process in the photopic vision. 


SUMMARY 


The electrical excitability of the eye and the time courses of changes. 
in the electrical excitability after the illumination of 2 seconds or a flash 
of light were investigated for white light in a normal subject and a case 
of congenital achromatopsia, which belonged to the so-called rod-mono-- 
chromat in type. 

The results obtained are as follows: 

1. The change in the achromat’s electrical excitability after light- 
adaptation is much slighter than that of the normal subject. 
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2. The data presented, so far as the photopic vision is concerned, 
are consistent with the classical view that the cone-process is lacking in 
the achromat, and that vision is mediated entirely by rod-process. It 
merits attention, however, that the optimum conditions in which the rod- 
process of the achromat is most evidently at work are considerably differnt 
from those of normal subjects. 

3. Another process besides the rod-one has been found in the retina 
of the achromat. The process has some properties characteristic of the 
cone-process and is at work only at lower intensities of illumination. 


The work reported here was done under the auspices of Prof. Y. Kurachi, 
and much of the work was suggested by Prof. K. Motokawa. We wish to ex- 
press our sincerest thanks to them for.their valuable advices and guidances. 
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It has been difficult for radiologists to secure sharp detail in roentgen- 
ograms of infants’ lungs because their respiratory motion is difficult to 
control. As a result the radiographic examination of babies is usually 
considered to be of limited value. The prime reason for this is that the 
exposure time is not short enough to stop the motion. In photography 
it has been the practice to use a shutter as a between-the-lens shutter and 
particularly a focal plane shutter to obtain sharp images of moving sub- 
jects in a short exposure. Therefore to secure a shorter exposure the 
principle of the focal plane shutter was adapted to radiography of the 
infant chest. 

A radiographic unit of the condenser discharge type was used. In 
this type of x-ray generator, electricity accumulated in the condenser is 
discharged rapidly when the circuit is closed. As the condenser discharges 
the electric potential at the tube terminals falls rapidly according to an 
exponential curve. The x-ray beam, which is emitted from the tube at 
high intensity at the beginning of the condenser discharge, diminishes in 
intensity rapidly as the voltage across the condenser drops. The duration 
of this x-ray emission is not instantaneous but persists for a brief period. 
Its effective duration was measured as about 0.05 seconds under the con- 
ditions existing in infant chest radiography. 

In order to shorten the exposure time we tried to cut off the low 
intensity part of the x-ray emission (the tail of the exponential curve) 
because this part of the x-ray emission served only to make the x-ray 
image indistinct. For this purpose we have constructed a slit shutter of 
our own design as shown in Fig. | and 2. 

The slit shutter consists of four parts: a hook, a make and break 
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Fig. 1 Fig. 2 


Fig. 1. Schema of slit shutter. M: Magnet, P: Hook, D: Make 
and break contact for the X-ray tube high voltage circuit, _H: Make and 
break contact for the X-ray tube heating circuit. 

Fig. 2. Slit shutter in action. 


contact for the x-ray tube filament heating circuit, a make and break 
contact for the x-ray tube high voltage circuit and a lead plate with a 
slit opening. 

The lead plate measures 15cm. in length, 10.4cm. in width and 
Imm. in thickness. Extending transversely across the middle of the 
plate is an opening 5mm. wide. Tests were made with openings from 
5 mm. to 20 mm. and the former was found to be the most suitable. This 
plate was hung by a hook directly in front of the x-ray tube opening. 
The hook is so attached to a magnet that it can be electrically operated 
from the control board causing the plate to fall downward coordinated 
with the exposure to allow only the most intense part of the beam to pass. 

As is shown in Fig. 1, a fraction of a second after the magnet releases 
the lead plate and it begins to fall the contacts (H, and H,) of the relay 
to the tube filament are closed causing the filament to heat. Immediately 
after this the contacts (D, and D,) controlling the relay of the condenser 
circuit are closed causing the condenser to discharge energizing the tube 
and producing x-rays. 

The lead plate shutter is placed directly in front of the tube part 
having a diameter of 6cm. In falling in front of this part the shutter 
opening traverses a distance of 7 cm. 

Discussion of Exposure Time : 
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The exposure time may be determined by means of several standard 
formulas. For a freely falling body there is the well known relationship 


(1) 


where s is the distance of fall, g is the gravitational acceleration constant 
and t is the time of fall. 
Differentiating : 


ds 
Velocity, v= (2) 


From equation (1): 


Putting this in equation (2): 


The time of exposure T at any given point on the film is determined 
by the formula : 


(4) 


where W is the width of the shutter opening and V is the velocity of the 
opening at the given pojnt. Using formulas (3) and (4) the exposure 
time at a point on the upper and lower parts of the film was computed 
theoretically as 1/240 and 1/306 of a second respectively in our equipment. 

To check this theoretical exposure experimentally a strobographic 
examination was done. In a lead disc having a diameter of 12 cm. an 
opening was made conforming to a sector of one degree. The centripetal 
part of this sector (4cm. in lenght) is one centimeter distant from the 
center of the disc. This disc was set up in front of the film and was rotated 
with a constant velocity of five revolutions per second. Using the lead 
shutter already described and a full wave rectified x-ray unit a test ex- 
posure was made. With an opening of 2cm. in the shutter two lines. 
were imaged on the film. According to Nakabori’s theory! one obtains. 
the following forumula : 


n—1 
— +4 


where z is the exposure time, f is the frequency of the cycles of the current, 
n is the number of lines recorded on the strobogram and 4 is the time in 
seconds of one half of the cycle. In our experiment n was 2, f was 50 
and 4 was less than 1/100 of asecond. The value of z was thus determined. 
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as between 1/50 and 1/100 of a second. If we used an opening of 5 mm. 
in the shutter the exposure time had to be considered as one-quarter of 
the value of that with the 2cm. opening or between 1/200 and 1/400 
of a_ second. 

The value of the exposure time measured experimentally therefore 
agreed approximately with the one calculated theoretically. When a 
roentgenogram was taken in such a short time even a subject moving 
rapidly was recorded sharply as shown in Fig. 3. 


Fig. 3. Radiograms of a moving subject taken with a full wave rectified 
unit (left), an unit of condenser discharge type (center) and a slit shutter 
unit (right). 


Fig. 4. Radiograms of the right lower lung field of a crying infant 
taken with a slit shutter X-ray unit (top), a unit of condenser discharge 
type (center) and a full wave rectified unit (bottom). 


Roentgenography of Infants: 

The slit shutter method enabled us to perform radiography with a 
very short exposure time. To check the film detail obtained by this 
method against the conventional methods we x-rayed a total of 123 
children. These children were all under 3 years of age and all were 
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TABLE I 


Comparison of the Sharpness in Infant Chest x-Ray 
Films taken with three Types of Radiographic Units 


Full wave rec- | Condenser dis- a od Adult chest 
tified unit charge unit | ™ agg Y | condenser dis- 
(approx. 0.1sec) |(approx.0 95sec) charge unit 
52 cases 29 cases 41 cases 
cases | 2% cases | 2% | cases 2 cases % 
Sharp 0 | 0) 4 | 14 | 16 100 | 40 | 98 
Bony trabeculae 
of the anterior | Mod. sharp | 14 | 48 1 2 
ribs | | 
Indistinct 40 7 11 | 38 | oO 0 0 
Sharp 1} 2] 1 3/1 | 26 | 63 
Contour of the 
diaphragmatic | Mod. sharp is | 35 | 12 | 41 | 5 | 31 | 15 | 37 
dome 
Indistinct 3 6 | 6 | 56| 0 | 0 
Sharp o | o | 9 | 2 
Contour of the Lal 
Mod. sharp | | @ 3 18 26 63 
Indistinct 399 | 75 | 16 | 56] 2] 13] 6 | 15 
| 
Lung | o| o | of] m | 6 | 35 | 
periphery | | 
Pulm. arte: | | | 
Vascular 0 | > | 5 13 
shadows trace- | third branch 
able to: | | | 
second branch 9 | 17 12 | 41 < 13 l 2 
|All indistinct | 43 83 | 15 52 | 0 | 0 0 


restless or crying at the time of examination. The equipment tested was: 
a full wave rectified unit, a condenser discharge unit alone and a con- 
denser discharge unit with the slit shutter. The focal film distance was 
100 cm. Films taken by these three types of equipment were then sorted 
into three groups according to whether the detail was sharp, moderately 
sharp or indistinct. 

With the full wave rectified unit test exposures on 52 infants were 
made. The exposure time in this group was always about 0.1 to 0.2 of 
a second. The detail in the x-ray image of the roentgenograms was so 
poor that the bony trabeculae of the anterior ribs were not visualized in 
77 per cent of the cases, the contour of the diaphragmatic dome was 
blurred in 63 per cent and the heart outline indistinct in 75 per cent. 
The pulmonary markings were difficult to trace not only to the periphery 
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of the lung but also as far as the third branch of the pulmonary artery 
in all cases and in 83 per cent of all cases it was difficult to trace them as 
far as the second branch of the pulmonary artery. 

With the radiographic unit of the condenser discharge type test ex- 
posures on 29 infants were made. The exposure time of this unit was 
about 0.05 seconds. In this group the detail was better than with 
the longer exposure of the full wave rectified unit. The detail of the 
trabeculae of the ribs, the contour of the diaphragm and heart and the 
vascular shadows were recorded very sharply in a few cases. About half 
of all the cases showed fairly sharp details in the lung. In the remainder 
of the cases, however, the detail of the structures was so indistinct as to 
be of little diagnostic value. 

With the radiographic unit of the condenser discharge type used in 
conjunction with the slit shutter having a 5 mm. aperture 42 infants were 
examined. On the films of these patients the detail of the ribs was so 
good that the trabeculae were distinctly seen in all cases. The contour 
of the diaphragm and the heart were seen sharply in about two thirds 
of the cases. The vascular shadows of the lung could be seen distinctly 
out to the periphery in almost all cases. In no instances was the vascular 
detail so indistinct that the markings could not be seen beyond the second 
branch of the pulmonary artery. 

Slit radiography provides a means of obtaining sharper images on 
the roentgenogram of moving subjects than is now obtained by convention- 
al radiographic techniques. This method should be helpful in studying 
experimental animals where the motion cannot be controlled. Clinically 
it should find a valuable place in the radiography of infants’ chests. The 
method is simple enough as to become a matter of routine use in the 
crying and restless child. 


SUMMARY 


A device is described for taking sharp x-ray images of the lungs of 
crying and restless infants under 3 years of age. Directly before the tube 
opening of a condenser discharge x-ray machine a lead shutter with a 
transverse slit-like opening 5 mm. wide is mounted to operate like a focal 
plane shutter. When released electrically from the control panel it falls 
downward 7 cm. after first closing the filament and high voltage primary 
circuits. The exposure in any given point on the film from the resulting 
x-ray emission is limited by the lead shutter to between 1/200 and 1/400 
of a second determined both theoretically from standard formulas and 
experimentally. 

Test films of infants’ chests were made with a full wave rectified 
unit (0.1 sec. exposure), a condenser discharge unit (0.05 sec. exposure) 
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and a condenser discharge unit with a slit shutter. Details in the former 
films were often too indistinct for clinical evaluation whereas the details 
in the latter were considerably better than that obtained by conventional 
techniques. Improved detail in chest studies and simplicity of operation 
of the slit shutter should be of value in clinical and experimental medicine. 
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